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IN MEMORIAM

Stanley L. Wallenstein, a member of the College on Problems of Drug Dependence and, for many years, a
regular participant in the annual scientific meetings of the former NAS-NRC Committee on Problems of Drug
Dependence, died of a cerebral hemorrhage on January 2, 1996. He was 75 years of age - but right up to just
before his death, and after his retirement from the Sloan-Kettering Institute in 1991, he continued to be active
as a consultant to his former associates at Memorial Hospital and to some in industry on matters relating to
clinical analgesic methodology.

Stan Wallenstein may be well remembered by older members of the CPDD as a long-time member of the
Sloan-Kettering Analgesic Studies team headed by Ray Houde. Starting as a research fellow in Dr. Houde’s lab
in 1951, he soon became an important contributor to the controlled clinical analgesic assay methodology which
the S.K.I. group pioneered and was noted for. From 1953 onward, Stan Wallenstein was either a co-author or a
presenter of the group’s annual reports to the NRC Committee on Narcotics and Drug Addiction and later the
CPDD, after the committee’s name was changed in 1966. Ever since those early years, when the prototypes of
most of the now familiar opioid agonists and antagonists were being introduced into medicine, the S.K.I.
group’s primary interests had been to assist in defining the balance between the desired analgesic properties of
these drugs in patients with cancer and their known or suspected abuse liability. Trained as a psychologist,

Stan was instrumental in introducing the use of several innovative experimental designs for these assays and he



has been the author on a number of journal articles and chapters in books on the subject of the measurement of
pain and assessment of analgesia.

Stanley Wallenstein was a native New Yorker, a graduate of Stuyvesant High School and of City College of
New York. He received his postgraduate education at New York University where he obtained his master’s
degree in psychology. At Sloan-Kettering, he moved up through the ranks to Associate Laboratory member of
the Institute by the time of his retirement. Stan was a member of the Lyceum Club of the New York Academy
of Sciences as well as a founder member of several scientific pain societies including the Eastern Pain
Association, the American Pain Society and the international Association for the Study of Pain.

In addition to his wife, Joan, the only distaff member of the family, Stanley Wallenstein is survived by three
sons and seven grandsons - a veritable American League baseball team, complete with a designated hitter - a
role which he himself often played at crucial times in the annals of the Sloan-Kettering Institute Analgesic

Studies Laboratory.

Raymond W. Houde
Memorial Sloan-Kettering Cancer Institute
New York, New York



COLLEGE ON PROBLEMS OF DRUG DEPENDENCE PRESIDENTIAL ADDRESS 1996:
INHALANT ABUSE, A FORGOTTEN DRUG ABUSE PROBLEM

R. L. Balster

Center for Drug and Alcohol Studies and Department of Pharmacology and Toxicology,
Medical College of Virginia, Virginia Commonwealth University, Richmond, VA

| want to take advantage of the opportunity presented to me to give Presidential remarks for the CPDD
to bring to the attention of the College a very important drug abuse problem that has been neglected by
the vast majority of drug abuse scientists. It has been referred to by some as “The Silent Epidemic.” |
would like to discuss four topics concerning inhalant abuse. | want to 1) describe areas of research that
are needed, 2) provide some evidence on its prevalence, 3) discuss some of our own research on the
acute behavioral effects of abused inhalants and 4) conclude with a brief presentation of public policy
approaches to the inhalant abuse problem.

Before going on, you should ask yourselves as the world’s preeminent group of drug abuse scientists,
“What do | know about inhalant abuse compared to other substance abuse problems?” Do you know
about its prevalence and natural history? What types of effects are produced in users? Whether all
inhalants produce the same acute effects? Do volatile chemicals differ in their abuse potential, and if so,
which ones are most abusable? Which ones the least? How do they work in the brain to produce their
acute effects? Does tolerance and dependence develop? Of what type? What are the major toxic
effects of inhalant abuse and do substances differ in their toxicity? What are the consequences of
prenatal exposure? Have any specific prevention programs been developed for inhalant abuse? Do they
work? What about treatment? How many inhalant abusers are there in treatment? Have specific
treatment strategies been developed for inhalant abusers? What treatments work best? What is the
overall impact on society of inhalant abuse and how does it compare to other substance abuse
problems? What policy strategies make sense to minimize adverse effects of inhalant abuse? | believe
many of you will not have very good answers to these questions, especially compared to your knowledge
concerning other substance abuse problems. There is clearly a need for research on these questions.

Has drug abuse science ignored inhalant abuse? | think so. As far as | can tell, NIDA has less than five
research grants that focus primarily on inhalant abuse. At this meeting of CPDD, only two posters, and
no presentations, are clearly focused on inhalant abuse research, and both of these are from my
laboratory. A casual reading of textbooks and edited compilations of books in the field reveal few that
have more than a passing mention of inhalant abuse. Even the National Institute on Drug Abuse, in its
last Triennial Report to Congress, failed to include a chapter on inhalant abuse. | cannot blame NIDA
for the low visibility of inhalant abuse research. They have sponsored a number of technical reviews,
issued requests for applications and have staff persons within the Institute who have focused a lot of
attention on the inhalant abuse problem. Here | should mention Dr. Charles Sharp, who over many years
has worked to maintain a visibility for inhalants at NIDA.

INCIDENCE AND PREVALENCE OF INHALANT ABUSE

So why do we have so little research on the inhalant abuse problem? Is it because there is a small public
health problem? Let me turn to some of the epidemiological data on inhalant abuse in the U.S. and
worldwide. These data have been extensively reviewed in a recent NIDA Research Monograph (Kosel
et al,, 1995). Data from the Monitoring the Future student surveys for 1994 are representative of recent
results from that source (Johnston el al., 1995). Lifetime use of inhalants is just under 20% for 8th, 10th
and 12th graders. For 12th graders, this prevalence is just under that of marijuana and more than double
that for cocaine. Among 8th graders, lifetime prevalence for inhalant use exceeds that of marijuana use.



Data from the National Household Survey is generally consistent with those from the school surveys in
showing a high prevalence among youth 12 to 17, where percentage use in the past year far exceeds
use of cocaine and heroin (see below). This Table shows the decreasing prevalence

1988

1990

1991

1992

Inhalants 3.9 4.0 4.0 3.4
Cocaine 2.9 2.2 1.5 1.1
Heroin 0.4 0.6 0.2 0.1

in cocaine use over the period of 1988 to 1992, whereas prevalence of inhalant use has remained
steady. This stable prevalence off inhalant use is somewhat misleading. When rates are looked at
separately for abused solvents and nitrites, the rate of. nitrite use has been going down and the rate of
solvent use has actually been going up.

| believe that one of the reasons why this extremely high prevalence of use is not accompanied by a
larger response from the research community is because most drug abuse treatment providers, at least
in the U.S., see only a few cases of inhalant abuse, and other indicators of a large public health impact
are relatively low. For example, DAWN mentions for inhalant abuse are far below those for other drugs
of abuse and comprise less than 1% of mentions in the DAWN data set. The National Association of
State Alcohol and Drug Abuse Directors reports that, among public sector treatment programs, only 0.4%
of clients are admitted due to inhalant abuse. The reason for this apparent discrepancy between
prevalence data and indicators of public health problems is an important research question.

If some drug abuse experts in the U.S. are not alarmed by the problems of inhalant abuse, this is not true
in many other parts of the world where inhalant abuse represents the predominant drug abuse problem,
particularly among the most disadvantaged members of society (Kosel et al., 1995). Surveys of street
children in Central and South America show inhalant use rates ranging from 27% to 100% (Medina-Mora
et al., 1982; Carlini-Cotrin, 1995; Baldivieso, 1995). Space does not allow me to provide many other
examples of the worldwide problem of inhalant abuse.

INHALANTS AS A GATEWAY TO OTHER ADDICTIONS

Does the use of inhalants by youth increase their vulnerability to other forms of drug abuse? The answer
seems to be clearly, yes. In one study using a secondary analysis of the National Household Survey
data (Schutz et al., 1994), inhalant users were found to be 46-times more likely to become an injection
drug abuser. For those using both inhalants and marihuana, the relative risk ratio jumps to 86.6 times
that of non-users, even after adjusting for a variety of co-factors of this use. In a prospective study of
children born in Woodlawn in Chicago (Johnson et al., 1995), inhalant use at age 16-17 resulted in a 9.3
times increased risk for heroin use by age 32.

RESEARCH ISSUES

Given the importance of the inhalant abuse problem, what are some of the scientific issues that need to
be addressed by research? People often want to know, why would anybody voluntarily expose
themselves to smelly fumes to get high? This question is even asked by drug abuse scientists who seem
unsurprised that persons would stick needles into their veins, accept risks of HIV transmission, and
engage in all sorts of amazing practices to self-administer cocaine or heroin. Many people also drink
bitter liquids to obtain alcohol and caffeine and inhale harsh smoke from burning plants to obtain THC
and nicotine. | suppose that this inability to empathize with inhalant abusers comes from the idea that
the “high” obtained from inhalants can’t be all that good to justify voluntary exposure. This raises the



question, what is the nature of inhalant intoxication?

Our laboratory research has focused almost exclusively on this question using animal models for the
behavioral effects of inhalants. These models are very similar to models which have been so
successfully used for studying the acute behavioral effects of other drugs of abuse, except that we
arrange for inhalation exposures. The following is a list of some of the research questions we have
attempted to answer:

1.

2.

3.

4.

What is the nature of the acute intoxication produced by abused inhalants?
Is the intoxication similar to that produced by drugs of abuse?
Do all inhalants produce the same type of intoxication?

Does the type of intoxication produced by abused inhalants determine their abuse liability?

We have compared the acute effects of a wide range of inhalants, and have reached the following
conclusions:

1.

Solvents can readily be studied using behavioral approaches used for studying drugs of abuse.
Inhalants produce concentration-related, reversible, “drug-like” effects on learned and unlearned
behavior and produce stimulus effects which can be examined in typical drug discrimination
procedures (e.g. Balster ef al., 1982; Rees et .al., 1987; Bowen and Balster, 1996).

Many of the most commonly abused inhalants (e.g. toluene and trichloroethane) produce a profile
of behavioral and pharmacological effects very similar to that produced by abused depressant
drugs, such as the barbiturates and ethanol (Evans and Balster, 1991; Evans and Balster, 1993;
Tegeris et al., 1994; Bowen et al., 1996). We believe that, with these abused solvents and
anesthetics, abusers are attempting to produce an alcohol-like intoxication.

Not all inhalants produce the same profile of effects. For example, we have shown major
differences between the depressant-like solvents (toluene and trichlorethane) and the abused
nitrtes (e.g. Rees et al., 1987). We have also studied a vapor which produces an excitatory profile
of effects (flurothyl) similar to that produced by pentylenetetrazol (PTZ) (Evans and Balster, 1992).
We also find more subtle differences among otherwise similar inhalants (e.g. between toluene and
methoxyflurane). We believe that some abused inhalants have a more pronounced excitatory
component of their concentration-effect relationship than others.

. We believe that our research has developed to the point where we can use a battery of test

procedures in mice to provide data to help predict the abuse potential of selected inhalants
(Balster, 1991).

There are many remaining questions about the pharmacology of abused inhalants which can be
answered by animal research. A partial list of these questions would include:

1.

2.

What are the cellular bases for their reinforcing effects?
Do they produce tolerance/sensitization and/or dependence?
What are the effects of combinations of inhalants?

What are the effects of combined administration of inhalants and other drugs?



Earlier | listed a wide range of treatment and prevention issues which also deserve research attention.
There have even been some attempts to do laboratory-based studies of inhalant effects using nitrous
oxide and clinically used anesthetics (e.g. Zacny et al., 1994). Since animal studies have shown that
abused solvents and volatile anesthetics share many acute effects, using anesthetics for human
laboratory research on inhalant abuse seems very reasonable.

TOXICITY

Another important area for laboratory and clinical research concerns the toxicity associated with inhalant
abuse. There is a general perception that abusing inhalants is unhealthy, and there are many case
reports of adverse health effects, but we need a fuller understanding of the role played by individual
inhalants and their combinations found in widely abused products. Animal studies are going to be crucial
here to allow characterization of the effects of repeated high-concentration exposures. The main point
to make here is that each abused inhalant has its own profile of acute and chronic neurotoxic effects.

Aside from studying acute overdose effects of some abused solvents (Moser and Balster, 1985), we have
not been able to do much research on the neurotoxicology of inhalants. One area which we have studied
recently concerns the consequences of prenatal exposures. Although there are case reports of adverse
effects on children of inhalant abusing mothers, there is little scientific proof that there are teratological
effects of solvent exposures. Consequently, we have administered trichloroethane (methyl chloroform),
one of the most widely abused solvents, to pregnant mice and evaluated their offspring for behavioral
teratological effects. We have found a consistent pattern of developmental delays in the offspring of
dams exposed under conditions we believe are relevant to the types of exposures experienced by
abusers (Jones et al., 1996). This provides support for the clinical concern for a fetal solvent syndrome.

POLICY MATTERS

There are man) policy issues that merit discussion in mounting a public response to the inhalant abuse
problem. There is one feature of this problem that deserves some comment here, and that is the difficulty
of using a supply-reduction strategy. Many common products contain abusable inhalants, including
household cleaners, paint products, fuels, lighter fluids, etc. Although it may be possible to reformulate
some of them or make them more difficult to obtain by teenagers, it seems obvious that the primary effort
must be on the demand reduction side. In this respect, the inhalant abuse problem more resembles
problems of alcohol and tobacco use, where there are limits to what can be done in supply reduction
efforts. This places a special emphasis on the importance of providing effective treatment and
prevention. To do this, we need more research in the area of inhalant abuse. My main goal in presenting
this issue to members and guests of the CPDD at this plenary session is to try and raise your awareness
of research needs and to encourage you to join with the few of us working in this area. This is a problem
which affects our nation’s youth, and has important world-wide impact. The scientific expertise of you
here at this meeting could be a major factor in developing a public health strategy to minimize the harm
associated with inhalant abuse. | hope to see more research in this area presented at the next CPDD
meeting.
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THE NATIONAL INSTITUTE ON DRUG ABUSE: CHANGES, CHALLENGES, AND
OPPORTUNITIES IN 1996

A. 1. Leshner

National Institute on Drug Abuse, National Institutes of Health, Rockville, Maryland

I am very pleased to be at the College on Problems of Drug Dependence’s (CPDD) annual meeting, hearing
about the many exciting research advances being made. And I am happy to have this opportunity to update you
on some of the changes that have taken place at the National Institute on Drug Abuse (NIDA), a few of the
policy issues we have been addressing during the past year, and a look at what may lie ahead for the drug abuse
research field in the coming year.

For CPDD, this has been a terrific year in Washington. Over the past few years CPDD’s efforts to build its
Washington presence have become increasingly evident. I believe that under Bob Balster’s leadership this
organization has really become an integral part of the biomedical science advocacy community in Washington.
As a member of CPDD I believe this outcome is advantageous for each of us individually. But I can also tell
you that from my perspective as an NIH institute director, it is critical that our scientific community be seen as
part of the biomedical research community, and as a part of the advocacy community that represents science at
large. It is important for everyone to realize that and to acknowledge the great progress that CPDD has made in
this area. In the final analysis, it is, in fact, that advocacy that is reflected in the budget for NIH, and for NIDA
specifically.

BUDGET UPDATE

Although we experienced an unusually long period of uncertainty with respect to our budget, the NIH as a
whole and MDA did very well in fiscal year 1996, receiving a 4.9 percent increase. For fiscal year 1997, the
President’s budget request would give MDA a 1.7 percent increase, and the House’s figure would provide us
with about a 6.4 percentage increase.

Lest you get very sanguine about the positive outlook it is important to remember that the process is not over
yet. Nonetheless, our prospects for funding are truly remarkable, particularly within the context of the current
fiscal constraints facing the rest of the nation. However, everything is relative. One year when I was acting’
director of NIMH, that institute only got a 14 percent increase in its annual budget. And I went home and told
my wife that [ was a total failure because NIMH had gotten such a meager increase, and everyone was sure that
it was because I was an acting director. Let me tell you that we at NIH are totally euphoric about the status of
our budget at the moment. And, of course, the positive impact it could have on our ability to meet our
obligation to you in the scientific community.

The impact of the various budget scenarios is really very dramatic and very important. Ultimately, what
matters most to all of you is the number of grants that we support. And I can tell you that, in recent years, the
over all number has continued to rise. Increasingly, we are moving money into investigator-initiated grants.
That is our priority. Over the past several years we have moved a tremendous amount of money--over 25
percent--out of the contract line and into the individual investigator line. We are also building our research
training programs. We have expanded research training by approximately 75 percent over the last three years.
We are attempting to shape our research portfolio, to the extent possible, into one that funds not only more
investigators in general, but one that is also moving toward funding younger investigators and more RO1
grants. And I think we have been making significant progress in achieving these goals.

One question I am often asked with regard to the budget is how NIDA’s funding compares to the other
institutes within the NIH. The answer to that question is that, in general, we all rise and fall together. The
figures proposed in both the President’s request and the House mark-up for NIDA are very close to the NIH
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average. One change that has occurred, however, is a slight shift in the way in which the House has laid out
the budget with respect to the percentages of money going to AIDS and non-AIDS research.

The main point that I would like to make about the budget is that although the situation at present looks good,
we need to remember that it is precarious, and will require the continued support of the budget process.

NEW APPOINTMENTS

We have had a number of new appointments and personnel changes both at NIDA and at the national level that
I want to make certain that all of you are aware. Probably the most important single event that has happened
to any of us present or to the drug abuse and addiction field at large during the last year has been the
appointment of General Barry McCaffrey as the new director of the Office of National Drug Control Policy.
Based on my interactions with him thus far I predict that this is going to be a new era of national leadership in
the area of drug abuse. Those of you who know me know that I am not prone to hyperbole about our political
leaders. But it is clear to me that General McCaffrey understands science, and understands the importance of and
the need for research in effectively managing this nation’s drug problem. In fact, he has been using one of my
lines, “Science needs to replace ideology”. I am particularly impressed by the fact that he understands the
complexity of drug abuse and addiction and has refused to make any kind of glib promises about a silver, magic
bullet, or that we’re going to solve this problem tomorrow. In fact, to accomplish his objectives he is asking
for a 10 year strategy. I believe that, ultimately, General McCaffrey will be a great advocate for our work, and
he will be someone who appreciates and uses the products of our work. His orientation to dealing with the
problem and his support for the efforts in which we are engaged is certain to benefit the field of drug abuse
research.

I also want to acknowledge the continuing leadership provided by my colleague, David Mactas, Director of the
Substance Abuse and Mental Health Services Administration’s (SAMHSA) Center for Substance Abuse
Treatment (CSAT). Our organizations have continued to work very closely together on a variety of issues
during the past year and we have an interagency Workgroup comprised of staff from both NIDA and CSAT that
meets regularly to generate and coordinate ideas for further collaborative activities.

Within NIDA, Timothy Condon, Ph.D., has recently been named the institute’s Associate Director for Science
Policy, and Director of our Office of Science Policy and Communications (OSPC). Barry Hoffer, M.D.,
Ph.D., a neuropharmacologist from the University of Colorado’s Health Sciences Center, will join NIDA in
the fall as the institute’s Scientific Director and the Director of our Intramural Research Program (IRP) at the
Addiction Research Center in Baltimore. I think I announced last year that Steve Zukin, M.D., formerly a
professor of psychiatry and neuroscience from the Albert Einstein College of Medicine of Yeshiva University,
is now the Director of our Division of Clinical and Services Research (DCSR). Charles Grudzinskas, Ph.D.,
left his position as Director of NIDA’s Medications Development Division (MDD) and has gone back to
industry. And Frank Vocci, Ph.D., who has been providing outstanding leadership for a long time as MDD’s
Deputy Director is now serving as Acting Director. Harry Haverkos, M.D., who has been serving as Director
of our AIDS office has decided that he would like to be more directly involved in conducting research and has
recently joined the IRP to help in shaping their program related to HIV/AIDS. Steven Gust, Ph.D., who had
been serving as Deputy Director of the AIDS office has now assumed the role of Acting Director and has been
doing a spectacular job, particularly in the very important task of interfacing with NIH.

I also want to mention two branch chief appointments that have occurred recently. Joseph Frascella, Ph.D.,
has been named Chief of the Etiology and Clinical Neurobiology Branch of DCSR, and Henry “Skip” Francis,
M.D., is the new Director of DCSR’s Clinical Medicine Branch.

And I want to take this opportunity while everyone is here to thank George Uhl, M.D., Ph.D., for his
outstanding service as Acting Scientific Director. We at NIDA are grateful for the enormous personal sacrifice
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he has made and the exceptional leadership that he has provided for the Intramural Research Program over the
past two years.

NIDA COUNCIL RESTRUCTURING

This year NIDA has changed both the structure, and, to some extent, broadened the function of the National
Advisory Council on Drug Abuse. We have expanded the number of council members by 50 percent and have
folded in some of the members of what once was known as our Extramural Science Advisory Board. This new
advisory group has been and will continue to play a more extensive role in setting NIDA’s policies and
priorities. For example, over the course of the last year, our council has taken up a number of emerging issues
of concern to all of us. Because I feel it is extremely vital for everyone in the field to understand these issues
and where NIDA stands on them, I want to touch briefly on a few of the more critical ones.

One key issue that has emerged relates to NIDA’s research center grant program. In an effort to help ensure
that the centers established and supported by NIDA are able to accomplish the purpose for which they were
intended and that this type of grant mechanism is being utilized most appropriately NIDA undertook an in-
depth review of its existing center grants portfolio this year. We established a council subcommittee to assist
us in looking at all of this information and to aid us in formulating some of the methods that could help our
program evolve in the direction we want it to go. The end result has been the development and dissemination
of a set of very explicit guidelines for the creation and maintenance of NIDA’s research centers program. A
notice stating the availability of these guidelines was published in the NIH Guide for Grants and Contracts on
September 22, 1995. These guidelines are also on NIDA’s Homepage on the worldwide web if you want to
access them that way.

A great deal of effort has been focused this year, both by NIDA staff and by our Council members, on refining
our definitions of AIDS and non-AIDS research. The issue of what is AIDS and what is not AIDS, and what is
AIDS-related and AIDS-focused is one that NIDA and other institutes at NIH have had to wrestle with for some
years. NIDA has repeatedly dealt with this set of issues particularly as they relate to our budget. One recent
NIH activity that has drawn increased attention to the need for clarification is the work of the panel of outside
researchers, charged by the NIH Office of AIDS Research (OAR) with evaluating NIH’s AIDS program.  And
so, we at NIDA, with the help of outside experts and the members of our Council have laid out our definitions.
We also have listed different kinds of areas of research in six sub-categories which were chosen to correspond to
those of the NIH’s OAR for the last several years. These categories include epidemiology and natural history,
etiology and pathogenesis, vaccine development, therapeutics, treatments for HIV infection, behavioral
research, and information dissemination.

A third issue that the Council has been very active in helping us with and one that I think is tremendously
important has been the ongoing discussion of our grant peer review, and the integration of our existing review
structure into the NIH-wide system. At the last council meeting in May, the members passed a statement of
principles that has been sent to all of the leadership. This document lays out general principles under which
that integration should occur. The Council has also compiled a survey which is being circulated here at the
CPDD meeting. And what they are asking of all of you is to articulate for them your major concerns about the
integration of peer review. I would like to encourage you to get that form, complete it and return it so that we
can collate all of the input we receive and make some decisions based on your views.

Overall the efforts and insights of our council members have been enormously valuable in helping us to address

and resolve a wide variety of policy issues. And we intend to continue to solicit their help as other topics
emerge.
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MESSAGE OF THE YEAR

Finally, every year I am compelled to come up with some message. My first message as NIDA director was,
I’ve got a secret. Last year I spoke about what I see as one of NIDA’s major challenges and one which needs to
be faced by all of us who work in the drug abuse field--to bridge the “unique disconnect” that exists between the
scientific facts and the public’s perception about drug abuse and addiction.

This year, the message | want to convey is that in order for the field to continue to thrive as it has been doing,
we need to go public with our science. Although I am delighted that we in the drug abuse scientific
community now know more about drug abuse and addiction and what to do about these problems than we ever
have in our history, the problem is that we are still guilty of keeping too many of the promising research
advances that are taking place a secret. In essence, my message is a continuation of an earlier theme. It is true
that we know a tremendous amount. That is terrific. But as I have said before, we are the only ones who seem
to know about it.

There is this “disconnect” that I spoke about last year between the public’s perception of drug abuse and
addiction and what we in the scientific community know through our research. You may remember the
conceptualization of scientific knowledge going one way while public perception is chugging along in the
opposite direction. In order to make progress in destigmatizing addicts or in increasing the credibility of our
science all of us must work together to bridge this disconnect.

What this means is that all of you need to go public with your science. We have got to stop entertaining
ourselves--and I don’t know a more subtle way of phrasing it. We at the National Institute on Drug Abuse and
many of the scientists we support have had a phenomenal year in the press. We have prepared close to a dozen
major press releases announcing research findings and their practical implications. The media attention that
these findings have generated has, in turn, provided great support for the budget. Our success has had a
tremendous effect on destigmatizing drug abuse and addiction, and helping to educate practitioners and policy-
makers.

I want to make it clear that you have a major role and obligation in educating the public. You can not just
depend on us to do it for you. All too often we hear about great findings after they have been published. But
when they have reached that stage they are no longer of any use to the press. Great findings are only of interest
to the press if they get advance notice. So, you have to tell us about your findings--in advance. And it is
especially important that you acknowledge the source of your research support. If you do not, you are
ultimately hurting the field since NIH/NIDA funding adds to the credibility of the research.

We have recently issued a policy at NIH that requires those of you who are NIDA grantees to explicitly
acknowledge NIH and NIDA in publications generated through the Institute’s support. Our most staunch
supporters in Congress are also strong advocates for getting the science out. I will tell you that Mr. Porter,
our biggest friend on Capitol Hill, is constantly telling us how critical it is to relay our research findings to the
public.

When I was a bench scientist, it was considered crass to talk publicly about our science--or to get it in the
newspaper. In some respects it was then considered beneath us. But over the years, attitudes have changed.
Now it is no longer crass to educate the public about promising scientific advances--it is critical to the vitality
of the field. If you want to know where to relate your findings, I urge you to go to either your program officers
or to NIDA’s press office for assistance or advice. Or, if you would prefer, you can send announcements to me
by E-mail; my new E-mail address is very simple--all6m@nih.gov. We will work with you to develop press
announcements. However you choose to do it, it is extremely important to let the public know about these
saving advances that are going on. And we need to impress upon the public why they should care about the
progress that is being made. It is not just entertaining. We need to help the public understand that our science
is at last at a level where we can use it in a concrete way to get a handle on drug abuse and addiction.
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Much of what has prompted my message for this year came from listening to Ed Sellers’ talk last year. He
showed the great disparity that exists between the true nature of addiction and the public’s understanding of this
condition. And even more alarming, there is also misunderstanding within the health professions. I found the
implications of Dr. Sellers’ data very depressing. We must increase our efforts to change the way that drug
abuse and addiction and those it afflicts are perceived. So, this year’s exhortation is, let us try to work together
on the problem.

We at NIDA have been working very hard over the past year to bridge the “disconnect.” We’ve had “Town
Meetings” in various places across the country from Anchorage, Alaska to Tampa, Florida trying to increase
the public’s understanding and dispel the myths that are obstructing our progress. Other fields of medicine that
have dealt with stigmatized diseases have been successful in changing public opinion. For example, I want
those of you who are old enough to think back to when having cancer was stigmatized. Forty years ago, no
one in this country died of cancer--they died of a long, protracted illness. The mental health field has also come
a long way in changing the public’s view of several mental disorders. For example, when I was a graduate
student schizophrenia was thought to be the result of being raised by schizophrenogenic mothers and
refrigerator parents. Aging is another example. People did not used to age or suffer from Alzheimer’s disease.
Use of the science system was tremendously effective for increasing our understanding about many other health
issues. It is crucial that we use the scientific underpinnings of drug abuse and addiction in the same way. In
my view, each of us in the scientific community has a responsibility to make sure that what we do is not just
entertainment, not just our efforts to answer interesting questions, but efforts that are directed at fulfilling an
urgent public health need.
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INTRODUCTION OF THE NATHAN B. EDDY MEMORIAL AWARD

J. H. Jaffe

It is an honor and a personal pleasure for me to introduce Griffith Edwards, the recipient of the 1996 Nathan B.
Eddy Award.

Griffith Edwards was born in India in 1928. His family returned to England when he was quite young and he
was educated there. He received a number of prizes for scholarship, and his later academic qualifications are
formidable. Although he entered Balliol College, Oxford, on a mathematics scholarship, his interests soon
turned to physiology and anatomy. He earned what he assures me are the usual three degrees and went on to
study medicine at St. Bartholomew’s Hospital Medical College and psychiatry at the Institute of Psychiatry at
the Maudsley. He earned a Doctorate in Medicine from Oxford in 1966, and the D.Sc. from the University of
London in 1990 - not coincidentally, the same degree his father had earned there almost 70 years earlier.

At present, Griffith Edwards is Professor Emeritus of Addiction Behaviour at the Institute of Psychiatry at the
Maudsley. Until he retired in 1994, he was Director of the Addiction Research Unit at the Institute of
Psychiatry and Chairman of the National Addiction Centre. These titles, however, do not convey the true
influence of today’s awardee. Griffith Edwards was the driving force behind the establishment of both the
Addiction Research Unit and the National Addiction Centre. For more than a quarter century he has provided
the energy, intellect, and vision that have led and inspired an entire generation of researchers who studied and
worked there. Just as, in the 1950s and 1960s, the Addiction Research Center at Lexington and its scientists
nurtured many of our now senior addictions researchers, the Addiction Research Unit and Griffith Edwards did so
in the 1960s and 1970s for many of the current generation of addictions researchers in Great Britain, Australia,
and other countries throughout the world. It is worth noting that the title “Professor of Addiction Behaviour”
was created specifically for him and, in 1979, he became the first person in the U.K., if not the world, to hold
it.

Griffith Edwards belongs to a marvelous British scholarly tradition of descriptive psychiatry and epidemiology.
He has long been interested in better defining the subtle boundaries between drug/alcohol use, misuse, abuse
and addiction. His passion for careful observation also places him strongly in the tradition of Nathan B. Eddy.
It was careful observation that led Griffith to develop (with Milton Gross) explicit criteria for defining alcohol
dependence along a continuum of severity which allowed for differentiation between dependence severity and
drug-related disability. This work led to studies of clinical outcome that highlighted the importance of
understanding and quantifying severity of dependence as a predictor of outcome of treatment and of natural
recovery. The current psychiatric nosology built into the American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders (DSM-III and DSM-IV) and the World Health Organization’s
International Classification of Diseases (ICD-9 and ICD-10) describes drug dependence as a syndrome varying in
severity. This definition is directly derived from Griffith Edwards’ work.

Griffith’s research has ranged from clinical psychopharmacology to hypnosis, and from epidemiology to cross-
national studies of alcohol policy. In the area of treatment for alcoholism, Griffith Edwards is perhaps best
known for his pioneering random assignment study comparing the effectiveness of standard treatment to simple
advice, and for subsequent follow-up studies. These studies, which showed that even brief encounters with
medical advice and admonishments can have positive impact, have profoundly influenced the way policymakers
and clinicians think about dealing with alcohol abuse. A multi-site cross-national study has demonstrated that
brief interventions in problem drinking can produce significant decreases in alcohol consumption. Through his
own early studies and, equally, by recruiting and supporting at the ARU scholars such as M.A.H. Russell,
Griffith Edwards has also greatly influenced research on nicotine dependence and its treatment. And in yet
another distinct area, Griffith encouraged and collaborated with Virginia Berridge work on the history of opiate
use in Great Britain - work which allow us to see present policies in their social context. His work in the
U.K. and with the World Health Organization on alcohol and drug policy points out the importance of supply
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and availability of alcohol as determining factors in the prevalence of alcohol problems. The significance of
this work has been recognized by his peers as well as by the numerous governments to which he has provided
consultation.

I first became aware of the depth and breadth of Griffith Edwards knowledge and understanding of the

complexity of individual, cultural, and national responses to psychoactive drug use when Dale Cameron asked
us, in 1970, to draft a working paper for a meeting of the World Health Organization Expert Committee on

Drug Dependence. Our paper emphasized both the notion of a complex, dynamic system influencing drug use,

control, treatment, prevention, and research, and the need for coordinated national responses. It also stressed the

need for gathering data that permit judgments to be made about the impact of those responses. The inevitable
workings of the committee process largely whittled away the elegance of Griffith’s prose, but the notion of a
national response survived in the report. The vice-chairman and unquestionably the dominant personality of
that WHO Expert Committee meeting was Nathan B. Eddy.

Four months after that meeting, many of Griffith Edwards’ ideas were incorporated into a report that several
CPDD members and I prepared for the White House staff, in which we recommended that the United States
government should develop a coordinated national strategy on drug abuse. The U.S. National Strategy
document that is now promulgated annually, and which was intended to force those charged with that
responsibility to think seriously about how to allocate resources, had its beginnings in Griffith Edwards’ ideas
on how to view the problem.

Griffith’s seminal contributions in the areas of nosology, policy, and treatment are products of an extraordinary
intellect and critical thinker. He is the author or editor of more than 28 books and more than 150 research
papers. Yet, he has made an equally important contribution to the field in his role as teacher. For almost 20
years, as Editor of, Addiction, (formerly the British Journal of Addiction), which is the oldest
continuously published scholarly journal in our field. Griffith Edwards has been a mentor and teacher to
researchers, clinicians, and policymakers all over the world. He has been a consultant to governments on four
continents; as a member of the World Health Organization Expert Committees and of the Council of Europe
Workgroup; he has been an informal consultant to numerous others. Griffith is everyone’s first choice to chair
a committee or Workgroup that is charged with producing a thoughtful, articulate report. Two important
reports issued by the Royal College of Psychiatrists in the 1980s, one on alcoholism and one on drugs, were
largely authored by Griffith Edwards and are, in my opinion, classics of thoughtful analysis combined with
elegant, lucid prose.

It is not surprising, of course, that Griffith Edwards has received honors and awards from numerous learned
societies and organizations in several countries. Included among the prestigious awards is the Jellinek
Memorial Prize. In 1992, the Faculty of Medicine of the University of Chile awarded him an Honorary
Professorship with life tenure. (Griffith has asked me to refrain from reciting further from the extensive list.)

Along with all of his scholarly and international activities, for more than 25 years Griffith has continued to
directly supervise a clinical inpatient alcohol treatment unit at the Bethlehem Royal Hospital and an outpatient
service at the Maudsley, where he has directly mentored a number of outstanding registrars (residents in
psychiatry) who have gone on to make noteworthy contributions to the field.

In this seeming diversity of interests there is profound coherence. In striving to show how all of the various
elements affecting drug use are essential to understanding the nature of addiction, Griffith Edwards emphasizes
the relationships among the phenomena, bridging and bringing together the relevant disciplines that contribute
to that understanding.

Griffith will touch on this theme in his address today, which is entitled “Lunch with Dr. Kerr,” but let me give
you the flavor of his approach by quoting from a WHO Memorandum on terminology, the product of a
Workgroup chaired, not surprisingly, by Griffith Edwards. The passage is taken from a section of the document
that begins, “Where is dependence located in this model?”
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We prefer to argue that dependence is essentially located within a system, and in this context we regard
a syndrome as a rather simple translation of the concept of a system... Others might prefer to see
dependence in terms of what is going on within the individual, either physiologically or
psychologically, or strictly in terms of behavior alone, or in terms of the social role that the drug user
assumes. We believe that a system or syndrome model that seeks to take account of the interactions
between drug, person, and environment is much to be preferred. Any interpretation that places too
much emphasis on only one part of the whole system is imperfect and misleading. (Edwards et al.,
1981, p. 232)

There are many parallels between Griffith Edwards’ professional interests and his personal life. It is not
surprising that he places highest value on the personal relationships and friendships he has formed over the
years with professional colleagues all over the world.

Griffith Edwards, for your seminal contributions to the field of addiction, and for the mentoring and friendship
you have generously bestowed on so many of us, the College on Problems of Drug Dependence salutes you
with the Nathan B. Eddy Memorial Award.
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LUNCH WITH DR. KERR: NATHAN B. EDDY AWARD LECTURE
G. Edwards

National Addition Centre, 4 Windsor Walk, London SES 8AF, United Kingdom

Let me start by expressing my deep sense of gratitude for the honor the CPDD does me in conferring the
Nathan Eddy Award. It is also an occasion on which it is proper to record my profound awareness of what we
who work in other parts of the world owe to the energy, inventiveness and brilliance of the American research
contribution to the alcohol and drug field. I have reason to be grateful to your country not only for what it has
given me in terms of the science itself, but also through the rich benefit of personal friendships that have come
to me as a result of these scientific contacts. Thus, the sense of honor and pleasure in receiving your award is
much intensified by the fact that the person introducing me to this meeting is my very good, long-time and
esteemed friend, Jerome Jaffe (Jaffe 1965, 1987, 1995), from whose wisdom and kindness I have benefited these
many years. So, to my talk.

On April 25, 1884, the inaugural lunch of the British Society for the Study and Cure of Inebriety took place in
the rooms of the Medical Society of London. Held in a prestigious setting which must immediately have
given stamp of authority to the newly formed society, the occasion attracted nearly 100 medical practitioners
and the presidents of four medical societies. There was also present a rich sprinkling of the good and the great,
including the 84 year old Earl of Shaftesbury, a noted social reformer who had in his day worked with Florence
Nightingale. However, although lay people could be associate members, only medical practitioners could
enjoy full membership of this organization.

With lunch served and no doubt heartily enjoyed (our Victorian ancestors expected a table to be well victualled),
Dr. Norman Kerr gave his inaugural address. That speech marked a defining moment in late 19th century
medical thinking on the nature of the drink problem. It was a founding statement by the widely respected
president and moving spirit of this newly established society which had as its aim “to investigate the various
causes of inebriety and to educate the professional and public mind to a recognition of the physical aspect of
habitual intemperance.”

Having some personal investment in what Dr. Kerr said all those years ago when he pushed back his chair, it
is only right to declare my interest. The published Proceedings of the Society for the Study and Cure of
Inebriety began to appear in 1884, but in 1887 the word “cure” was dropped from the title of the Society and its

Proceedings. In 1903, the Proceedings were transmuted into a journal, the British Journal of Inebriety,

while in 1946, the word “inebriety” was traded in for “addiction” and the journal became the British Journal
of Addiction to Alcohol and Other Drugs. In 1993 the journal changed its name to Addiction,

plain and simple, and that is its present title.

And the personal interest to be declared? In 1884, Norman Kerr was not only the first president of a learned
society which remains in active existence to this day as the Society for the Study of Addiction, but Kerr was
also the de facto editor of the Society’s journal (or Proceedings), a position which he held for 15 years. A
scholarly and informative, history of the Society has been provided by Virginia Berridge (Berridge 1990). My
interest in what this founding father said in 1884, derives from the fact that I have since 1977, had the privilege
and responsibility of editing the publication which Kerr initiated, bear him affection, and not infrequently find
myself seeking his approval of the editorial policies which my colleagues and I are today pursuing for a journal
which has been in continuous publication for 112 years. That journal is now committedly international rather
than British, has regional offices and editors in the USA (Dr. Thomas F. Babor) and Australia (Dr. Timothy
Stockwell). We have subscribers in more than 50 countries. But how does the content of today’s journal and
what the international scientific world writes and we publish in 1996, relates to anything that Dr. Kerr said in
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1884, after lunch, at the rooms of the Medical Society of London? If we could perform a content analysis of his
address, we might discern continuities and discontinuities and gain insight into the roots of our present beliefs
and concerns and the nature of dilemmas which still face us. Wouldn’t it have been interesting to have had
someone taking notes at that lunch, even if 1884 was some years too soon for a tape recorder?

I am, of course, setting this up. We can precisely answer the question as to what was said at that inaugural
lunch. The Presidential address was published as the first paper in the first volume of the Society’s Proceedings
(Kerr 1884).

Let’s first reproduce the opening paragraphs of this transcript so that we can taste the prose style in which the
message was embedded. Kerr had been a journalist before he took up medicine (Crothers 1906) and he was fond
of the oratorical flourish, and would often embellish his text with a line or two of quoted poetry.

Whence comes this nameless, this indescribeable, this unfathomable load of inebriety? It does not
like a destroying angel swoop down upon the earth from without and gather in its spoils of destruction
and woe in ‘A bewildering mist of horror’. Whence comes this inebriety? And under what conditions?
(Kerr 1884, p.2)

And he immediately provided a categorical answer to his own question and identified the essential premise for
the disquisition which was to follow.

Inebriety is for the most part the issue of certain physical conditions, it is an offspring of maternal
parentage, is a natural product of a depraved, debilitated, or defective nervous organization. Whatever
else it may be, in a host of cases it is a true disease, as unmistakably a disease as is gout or epilepsy
or insanity . . . (Kerr 1884, p.3)

Thus inebriety was declared roundly and unequivocally to be a disease, a brain disease, and this more than half a
century before the founding of the Yale Center of Alcohol Studies, and 76 years prior to the appearance of
Jellinek’s “Disease Concept of Alcoholism” (Jellinek 1960).

Let me explain the way in which I propose that this talk should now proceed. First, I will put before you
something of what Kerr said in his 1884 address. I will then say a little about Anglo-American relationships at
that time and will suggest that Kerr’s views were not just British or parochial but represented a contemporary
Anglo-American expert consensus. Next I will try briefly to identify what we might see as the long term,
present and indeed future consequences of two seemingly contrasting models as to the nature of the drink
problem being made available to society in the latter part of the nineteenth century. The model which Kerr
articulated of alcoholism as a brain disease which affected some persons as being the problem, was radically
different from the Temperance analysis which had the mass impact of alcohol on the population as the
problem. 1884, I will argue, is still with us.

WHAT KERR SAID

It is possible to discern a set of themes which constituted the Kerr’s framework of thinking and we can for
convenience order the content of his presentation under four headings.

Inebriety is a disease caused by an abnormality in brain function and characterized by
craving

The following passage elaborates on Kerr’s opening statement and illustrates his uncompromising stance on
this point:
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I have not attempted to further dogmatize on disputed points as to whether inebriety is a sin, a vice, a
crime, or a disease. In my humble judgement it is sometimes all four, but oftener a disease than
anything else, and even when anything else, generally a disease as well . . . in all indulgence in
intoxicants there is a physical influence in operation, a physiological neurotic effect, the tendency for
which is to create an appetite for more of the intoxicating agent. (Kerr 1884, p.14)

As regards the criteria which he saw as defining the existence of this condition, Kerr put emphasis on craving:

What is inebriety? We may define it as a diseased state of the brain and nerve centers, characterized by
an irresistible impulse to indulge in intoxicating liquors or other narcotics for the relief which they
afford at any peril.. (Kerr 1884, p.3)

Multiple causation

Kerr identified a number of possible causes of inebriety:

Genetic predisposition

(1)

I have no doubt that at least 30 per cent of bad cases of inebriety owe their origin mainly
to an inherited alcoholic taint . . . Not only is there hereditary transmission of the drink
crave itself, which needs only the slightest sip to be aroused in full force, but there are
also transmitted the pathological conditions, the abnormal changes wrought by alcoholic
inebriety. (Kerr 1884, p.4)

Kerr’s concept of heredity thus appears to have included a Lamarckian element.

(i)

(iif)

Nervous shock. Inebriety might be brought on by shock occasioned by losses in business,
bereavement, or disappointment in love. Whatever the immediate vehicle for

the nervous shock the common underlying element was “some obscure pathological
disturbance by deranging the functions of the nervous system, setting up a cerebral or
nervine paralysis, or it may be an irritable state of the brain which calls for an intoxicant
or other narcotic as a solace for unbearable suffering.” (Kerr 1884, p.5)

Overwork. “Overwork” said Kerr, “is a fertile cause of inebriety”. He had in mind not the plight of the
labouring classes but what he referred to as “the overtaxed thinker”:

The clergyman, the Christian worker, or the physician after an exhausting day spent,

O, how wearily! in listening to long dreary accounts of innumerable wrongs and ailments,
imaginary and real, is so prostrate that he cannot even look at the food which his badly
used stomach so strongly needs . . . An intoxicating stimulant in a few seconds dispatches
every sense of fatigue, seems to infuse new vigor into his veins, new life into his fainting
spirit. (Kerr 1884, p.5)

A closely related cause likely to be encountered “in this high-pressure age of work and worry” was “absence of

amusement”.
(iv) The medical prescription of alcohol. Kerr recognized iatrogenic alcohol dependence as a problem of the

time.
The story is too sad to be told of the frank, noble-hearted, abstinent women whom I have
known to be launched on the troublous and fatal sea of confirmed inebriety by the mistaken
prescription of strong drink while nursing. (Kerr 1884, p.7)
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) “The habit of drinking long continued”. In one short paragraph Kerr considered the possibility that
drinking per se might be a cause of the postulated brain disease:

Though this has been disputed, I think there can be little doubt that a predominating factor
has been the habit of drinking long continued. Whether the drinking has been ‘moderate’ or
‘free’, or ‘excessive’, the habit has not necessarily been vicious. (Kerr 1884, p.8)

(vi) Other and miscellaneous causes. Among other and miscellaneous identified causes were head injury,
fevers, tuberculosis, syphilis, insanity, and among women sexual excitement:

Sex exerts a potent influence, nerve storm in natural function being an influential factor in
the production of inebriety among females. (Kerr 1884, p.7)

Kerr on treatment
Kerr insisted that the treatment goal should without exception be total and lifelong abstinence.

No exceptions to this rule, social or ecclesiastical, can be permitted without serious risk . . . From
unacquaintance with this fact, reformed inebriates have been led back to their former evil course of
intemperance by tasting their intoxicating bane at communion . . . while life is, many a rescued one
dare not even sip the weakest form of such drinks. (Kerr 1884, p.8)

Moreover, it was essential to involve the inebriate in his own cure by explaining to him “that he is suffering
from a physical disease, like a man afflicted with rheumatism or sciatica, and that his hope of permanent cure
lies mainly in recognizing his physical susceptibility to the action of a poisonous narcotic material agent”
(Kerr 1884, p.9).

The rational next step in the treatment process was to remove whenever possible the underlying cause. An
illustration Kerr gave of such a rational approach provides a period piece of Empire:

An inebriated patient of mine, a tall, strong, well-built man, aged 46, had suffered from heat-apoplexy
in India, and was so affected by the heat in London that in two different summers he became insane
from drinking and had to be put under restraint for a couple of months at a time. He succeeded at
length in keeping free from drink and from an insane outbreak by adopting the plan of, during the hot
season, restricting himself to a plain non-heating diet, by adopting suitable clothing, and by wearing
headgear, which kept his head cool. (Kerr 1884, p.7)

In most instances a fundamental element in the treatment plan would however have to be a prolonged
separation of the inebriate from their drink and this would probably necessitate admission to an institution: the
newly formed society campaigned vigorously over the ensuing years for a strengthening of legal provisions for
compulsory detention. The supposed rationale which supported this favouring of institutional confinement as
the foundation for the treatment of inebriety, lay in the belief that brain disturbance needed time to recover:
“There has been a degeneration of brain tissue, and time must be given for a new and ample supply of healthy
brain and nerve substance.” (Kerr 1884, p. 10).

Forward together under the banner of science
Under his final heading of “Concluding appeal” Kerr briefly considered prevention. He declared, “By all means

use every moral and legislative effort in your power to mitigate and prevent intemperance and the prolific
mischief flowing therefrom.” He commended the work of the Bands of Hope. However, he then went back once
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more to emphasize the need for science which could be directed at the cure of inebriety, and science was very
much to be nailed at the Society’s masthead.

We confidently believe that we will succeed in acquiring a more exact acquaintance with the
phenomena, causation and condition of inebriety, by engaging in study of this intractable disease with
the same strictly scientific method with which we enter upon the study of other forms of disease. (Kerr
1884, p.15)

Such an agenda was seen as having a capacity to unite all parties in common endeavour and thus bring together
“makers, the distributors, and the users of strong drink”, with “the moral suasionist, the teetotaller and the
prohibitionist”. In a final, rousing forward-together appeal put to this after-lunch audience, Kerr declared:

This is a Society for the study and cure of inebriety. Permitting no preconceived opinions to stand in
the way of our research, allowing no foregone conclusions or sentiments to bias our judgement, we
propose, without prejudice or passion, deliberately and persistently to pursue our modest inquiry, in
the earnest hope and confident anticipation that in the solution of the dark and perplexing drink
problem we, or our successors, may are long be rewarded with . . . (Kerr 1884, p.16)

And here as a final flourish he offered some lines of poetry. Science, he confidently averred, would in due time
reward his audience with:

Truth unbroken and entire;

Truth in the system, the full orb; where truths
By truths enlightened and sustained, afford

An arch-like strong foundation to support
The incumbent weight of absolute, complete
Conviction; here, the more we press we stand
More firm. (Kerr 1884, p.16)

Heady stuff, and we may confidently assume that the ensuing vote of thanks was cheered to the echo.

That acclamation would have been justly earned. Kerr had undoubtedly put before his audience a comprehensive
statement on the nature of the drink problem immensely congruent with the spirit of the then contemporary
medical world - entrepreneurial, optimistic, reductionist, frequently getting ahead of the evidence and
biologizing or neurologizing what it could not understand, haunted by fears of national degeneration, and
entertaining few doubts. In an age when diseases were the target and their pathological or bacteriological basis
the question, inebriety was given ranking with “gout or epilepsy or insanity”. The shared and unifying task put
before Kerr’s audience was defined as that of discovering the scientific basis for this disease in brain function.

Let’s try at this point to summarize matters thus far and encapsulate what Kerr was saying. Inebriety was a
disease and his intuitive guess was that its pathology lay in inherited or acquired brain disturbance. He identified
craving as the pathognomonic feature of this disease. He stated that craving could be cued by further drinking
even after prolonged abstinence. The possible causes of this disease were multiple and included genetic
predisposition, adverse life events or fatigue, and “drinking long continued”. Total abstinence had to be the
treatment goal. Kerr was in large measure building on and integrating the ideas of earlier authors such as
Benjamin Rush ( 1790), and Thomas Trotter (1804) and the idea of drunkenness as a disease was common
among doctors in the 18th century (Hirsh 1949, Porter 1985). It would be wrong to see him as uniquely
prescient, but it was the synthesis which was exceptional. What he articulated after that lunch sums up the
outlines of a model which probably still drives much present-day research on alcohol dependence and provides
the working model for the practice of many modern physicians. That’s quite some prescience.
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Kerr, the Society and the Anglo-American connections

Thus far we have focused this discussion on the significance of the inaugural address delivered in 1884 by the
President of a British and London-based organization. What needs to be emphasized is that British and American
thinking on inebriety were at this time moving in much the same direction, with a shared emphasis on the
disease concept and the necessity for institutional treatment, but with America somewhat leading the field so far
as the foundation of societies and journals was concerned.

The first and highly influential American institution for the treatment of inebriates was the New York State
Inebriate Asylum at Binghampton, NY, and by the 1890s there were more than 30 inebriate treatment
institutions of varied type operating in the USA (American Association 1893). The American Association for
the Study and Cure of Inebriates had been inaugurated in 1870 and its Articles of Association amply confirm a
commitment to the disease model and to campaigning for institutional care:

1. Inebriety is a disease.
2. It is curable as other diseases are.
3. The constitutional tendency to this disease may be either inherited or acquired; but
4. The disease is often induced by the habitual use of alcohol or other narcotic substances...
5. Hence, the establishing of HOSPITALS for the special treatment of inebriety, in
which such conditions are recognized becomes a positive need of the age.

(American Association 1893, p.v.)
The American Association first published its journal, the Quarterly Journal of Inebriety, in 1877.

As for the transatlantic connections, Norman Kerr was an honorary member of the American Association and
Dr. T. D. Crothers, secretary of that Association, was among those elected to honorary membership of the
British Society at that inaugural luncheon meeting in 1884. Kerr and Crothers published in each other’s
journals (Crothers 1906).

In the early 1870s a delegation from the American Association gave evidence in London to a British
Parliamentary committee which was considering inebriates legislation and the chairman of that committee, Dr
Dalrymple, made a tour of inspection in the USA. Kerr had himself visited America on several occasions and in
his earlier days he had been a ship’s doctor on the transatlantic run. Kerr died in 1899 and it was Crothers who
in October 1905 (Crothers 1906), honoured the memory of his colleague by delivering in London the first
Norman Kerr Memorial Lecture which outlined Kerr’s life and works. Crothers referred to the influence of Kerr’s
magnum opus, “Inebriety, its Etiology, Pathology, Treatment and Jurisprudence” (Kerr 1888). And he
identified the inaugural address of 1884 as one of the “really great landmarks in the study of the subject”.

One may infer that the American Association was in some ways a role model for its British counterpart.
Jellinek (1960) in a brief note on this period of history asserted that the British journal “right from its
beginnings, was on a much higher scientific level that its older American sister”: in Jellinek’s view it did not
make such a cult of the disease (or illness) idea as its American contemporary. The whole issue of who
contributed what over this period and the convergences and shades of difference between the American and
British positions needs further elucidation (Lender 1979).

CONSEQUENCES

Kerr’s inaugural address defined a specialist Anglo-American medical consensus on the disease nature of
inebriety which had by the latter part of the 19th century emerged as an organizing idea which invited
programmes of action very different from that of the other great nineteenth century evolution in this field, the
temperance movement (Gusfield 1986). Here is a quotation from a contemporary of Kerr and Crothers, General
William Booth (Booth 1890), the founder of the Salvation Army:
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Still the mighty torrent of alcohol, fed by ten thousand manufacturies, sweeps on, bearing with it, I
have no hesitation in saying, the foulest, bloodiest tide that ever flowed from earth to eternity . We
would to God that the temptation could be taken away from them, that every house licensed to send

forth the black streams of bitter death were closed, and closed for ever. (Booth 1890, p. 186)

Despite the fact that Booth was willing on occasions to see drunkenness as a disease while at the same time
Kerr, Crothers and many of their medical colleagues who favoured the disease formulation had strong links with
the temperance movement, what stands out with great clarity is that by the latter part of the 19th century there
were on both sides of the Atlantic models for understanding the drink problem between which informed opinion
was being invited to choose (Edwards 1992). The availability of that choice is the true and conjoint heritage of
the American Association and the British Society, and the value of that transcript of Kerr’s address is that it
provides us with a vivid, daguerreotype view of the then contemporary disease formulation. Building on our
analysis of Kerr’s inaugural talk and its AngloAmerican context, the question we will examine in this final
section of our discussion is the consequences which flowed and still flow from the availability of a choice
between models, a choice which must have been evident to Kerr’s audience that afternoon and which has not
gone away.

The bones of the argument around this consequences question will be as follows. It is a matter of identifying
stages in a long historical process. In the first stage the disease model made an unsuccessful and short-lived
entry on a scene where the temperance model was already strongly established, and choice was solved by the
disease model going into eclipse and with the temperance model triumphant. In the second stage the temperance
model was eclipsed, the disease model rode high and looked like providing a consensus around which all could
rally. In the third stage, the present day, we again co-exist with choice. The models themselves have changed
and developed over time, but there is still the inherent possibility of conflict between the formulations which
view the drink problem as personally or alternatively as socially rooted, as affecting a few “diseased” people or
as a wider social issue. Let’s put a little evidential flesh on the bones of those contentions and then tackle our
very last question, what next?

Stage one: the disease model is formulated, gains little ground, and goes into eclipse. One
of the most persuasive kinds of evidence which could ever be deployed to support the contention that a model
has gone into desuetude must surely be the death of the society which marches under its banner. The
Quarterly Journal of Inebriety (by then published under another name) ceased publication in 1914 and
the American Association itself faded into oblivion a few years later. The reasons for this outcome were
several, but in the USA the dominant reason for the demise of the disease concept was the political ascendancy
of the Temperance Movement leading to enactment in 1920 of Prohibition (Cherrington 1924-1930, Harrison
1971, Gusfield 1986, Levine 1992). Alcohol was deemed to be the cause of alcohol problems, pure and simple.

The parallel story was somewhat different in Britain. Although for some years after Kerr’s death one can find
luminaries of the Society for the Study of Inebriety paying homage to the disease concept and quoting from
Kerr’s inaugural address ( Branthwaite 1908, Woodhead 1912), gradually both the disease idea and Kerr’s name
ceased to get a mention. By the time the Great War was finished the disease idea was probably as dead in Britain
as in the USA. Prohibition was not part of the historical experience in the UK, but the introduction of
stringent licensing controls together with changed social conditions brought alcohol consumption to an all
time low (Wilson 1940). That the British Society continued to meet and publish its journal despite most sense
of purpose having been lost speaks more to a national fondness for lost causes than anything else. The last
Norman Kerr memorial lecture was given in 1943 and the endowment then ran out (Berridge 1990).

Stage two: The disease concept re-emerges as the new consensus. The story of the re-emergence
of the disease concept in America from the 1940s onward has been well-chronicled and need not be repeated here
in detail (Keller 1985, Roizen 1991). Suffice it to say that the conjoint influences of Alcoholics Anonymous,
the Yale School, the National Council on Alcoholism and Jellinek’s prestigious 1960 “Disease Concept of
Alcoholism”, made the disease formulation in post-war America the organizing idea for the new alcoholism
movement (Levine 1978, 1984). A postulate had become a received truth. At the same time as the disease

23



concept won wide acceptance there was consensual rejection of the idea that alcohol was the problem. Alcohol
was seen as having little to do with alcoholism.

Stage three: the consensus falls apart. At this point in our account of a complex history, the relative
influence of different national ideologies and experiences becomes important to understanding what happened.
The post-war rediscovery of the disease concept was very strongly led by America and can be seen as in part a
reaction to the searing national experience with Prohibition. This American disease formulation was
internationally influential, but did not swamp certain other national traditions. Thus in 1964 Ledermann, a
French statistician, published data showing fluctuations in liver cirrhosis death rate in Paris and pointing up the
steep dip in cirrhosis deaths which occurred when alcohol was rationed during the Second World War
(Ledermann 1956, 1964); those data alone made it difficult to accept the view that alcohol and “alcoholism”
were unrelated. Canadian work based on temporal and geographical comparisons confirmed the strong positive
correlation between per capita consumption and cirrhosis death rate (Schmidt 1977). In 1975 what was
essentially a joint Scandinavian and Canadian working group met under the leadership of Kettil Brunn, a
Finnish researcher, and reviewed the evidence for the relationship between alcohol and alcohol problems and
offered a strong conclusion (Bruun et al., 1975):

Changes in the overall consumption of alcoholic beverages have a bearing on the health of the people
in any society. Alcohol control measures can be used to limit consumption: thus control of alcohol
availability becomes a public health issue. (Bruun et al., 1975, p. 12)

In 1994 a funkier review volume was published with a WHO connection (Edwards et al., 1994), this time
under the title “Alcohol Policy and the Public Good”, and now with major US involvement as well as wider
international representation. Among the conclusions offered was the following:

We believe that the title of this book is well chosen. Policy to deal with the multifarious
consequences stemming from alcohol cannot usefully be couched in terms just of ‘excessive drinking’
or ‘right-hand end of the curve’ policies disarticulated from the whole society, nor in terms just of
‘alcohol problem policies’, or ‘How are we to deal with alcoholics?’. The requisite public policies are,
in the round, alcohol policies. (Edwards et al., 1994, p.212)

No wonder that in the light of the 1976 statement one could find David Pittman (1991), a respected contributor
at several levels to the post-war American alcoholism movement, reflecting as follows:

I think one of the tragic developments of the 1980s is the kind of schism which has developed in the
alcoholism field. Many organizations, founded to help the alcoholic and his or her family, were
organized on the assumption that they would take no position, either positive or negative, toward the
sale or restriction on the sale of alcohol products. The type of alcohol policy neutrality from the
1940s through the 1970s set the stage for progressive developments in research, treatment, and
education. The consensus has become unravelled in terms of the new ‘public health model towards
alcohol control’. (Pittman 1991, p.130)

And there can be no doubt that Pittman is right, the consensus has become unravelled. In the eye of history we
can see that we are back to 1884, to a choice of competing models, and probably to an era of intellectual
instability.

Stage four: finding a new way through. Though sharing Pittman’s belief as to the fact that a change
point has been reached and sensitive to his concern over the inevitable pains in any change, rather than going
along with his sense of grief at the breakdown in the old consensus, some of us would perhaps want to argue
that we are now necessarily and very probably faced with the challenge of building a new consensus more
congruent with the established facts and more likely to provide us with apt research agendas and effective policy
solutions, Change should be welcomed not feared, and if Thomas Kuhn is to be heeded, turmoil is the
necessary prelude to paradigm shift (Kuhn 1970).

24



Here in the light of history and with due and grateful acknowledgement of Norman Kerr, T.D. Crothers and the
long-standing American connection, let’s make a proposal as to what may be the way constructively to handle
the unravelling of what was in retrospect inevitably no more than a temporary consensus (as will be any new
consensus that serves our own time). We need to find a way to escape from the “ding-dong”, to-and-fro
competition between models which have respectively seen the alcohol problem as individually rooted brain
disease or alternatively as a socially determined consequence of alcohol’s availability. An informed reading of
the present state of scientific knowledge (Gordis 1991) must surely see such polarity as false antithesis, as
absurd. One tradition to be integrated into a new synthesis must be the person-based view of the problem, and
that embraces but is not co-terminus with an inebriety (Kerr 1884) disease (Jellinek 1960) alcoholism or
dependence view (American Psychiatric Association 1994). The second tradition to be taken within the new
synthesis is the population view which conceives of the drinking population as an organism to be understood
in its own right (Skog 1985). That latter view is led by the belief that the individual’s drinking is influenced by
the social, cultural, economic and drinking context within which the drinker has his or her being; drinking has
a great deal to do with drinking problems.

Integration of these two traditions should not mean two separate and incompatible models awkwardly bonded
together and waiting to fall apan, but a true and mutually beneficial sharing of ideas and joint and practical
exploration of the consequences which will flow from such sharing. Let’s go back briefly to Kerr and see what
that kind of synthesis might mean. You will remember that he postulated that one cause of inebriety was “The
habit of drinking long continued”. That is a phrase which carries a tangible invitation to conjoint
modelbuilding. What is the influence of alcohol availability and social and cultural influence on intensity,
duration and pattern of drinking, and what is likely to be the follow-through impact of these factors on the
prevalence and incidence of the “brain-disease” of inebriety (Midanik 1995)? Price elasticities (Caulking and
Reuter 1996) and neuro-transmitter systems (White 1996) at the end of the day inhabit one world. Dependence
is a disturbance in a very complex system (Edwards ef al.., 1981).

If we do not build consensus but allow our models to fall about in faction fighting, harm will be done. History
by now shows a long period of cyclic triumph and rejection of competing models, with triumph each time
wiping out much else which had usefully been learned. The record all too often shows people shutting out from
consideration half of the evidence. Norman Kerr was neither the beginning nor the end and his consensus
unravelled. But at the very least we may see him as pointing up the importance of history.
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USING MOLECULAR BIOLOGICAL TOOLS TO EXPLORE BEHAVIOR

L. Erinoff and L. Gold

Behavioral research on drug abuse can be enhanced by the incorporation of molecular biological tools
(antisense, knockouts, transgenics) into experimental strategies. Speakers addressed the strengths and
weaknesses of the technique(s) they use.

Antisense Oligonucleotide “Knockdown” Strategies in Neuropharmacology
Claes Wahlestedt

Astra Research Center Montreal, Laval, Quebec, CANADA

Oligonucleotides that bind to single or double stranded nucleic acids provide an opportunity to rationally design
true isotypically selective pharmacological agents and should allow the testing of many types of hypotheses in
biomedicine. This presentation focuses on their use as neuropharmacological tools and the technological
issues surrounding their direct application to the mammalian brain. Typically, efficacious oligonucleotides are
identified in vitro and prior to in vivo studies. The use of stringent mismatched control sequences is essential.
Some of the major advantages of antisense compared to the gene knockout are: the reversibility of the effect,
applicability to any stage of development, ability to study the product of a cloned gene from any species, range
of phenotypes that can be created, relatively low cost, and potential therapeutic use. The strengths of the
knockout approach include: the complete absence of the gene product, specificity, and lack of variation between
animals. Antisense oligonucleotides are perhaps especially useful for receptor research where a conventional
antagonist is not available or shows limited selectivity. For drug discovery research, the knockdown approach
is of value for target validation and identification.

Behavioral Studies of Monoamine Receptor Knockout Mice: Phenotypic and
Pharmacological Differences

Mark A. Geyer, Stephanie Dulawa, Rene Hen, and Malcolm Low
Department of Psychiatry, University of California, San Diego

The creation of gene knockout animals in which a particular neurotransmitter-relevant gene has been deleted
may facilitate the identification of functional roles for particular receptors and even provide models for disease
states. Schizophrenic and schizotypal subjects exhibit deficits in both the habituation and prepulse inhibition
(PPI) of acoustic and tactile startle, providing operational measures of the sensorimotor gating deficits that may
contribute to cognitive disorganization. In rats, developmental and pharmacological manipulations affecting
central dopaminergic, serotonergic, and/or glutamatergic systems have been used to induce similar deficits in
sensorimotor gating. The present studies have begun to extend this approach to mice in order to capitalize upon
the availability of genetically modified animals. Mice were subjected to 120 dB acoustic pulses, some of
which were preceded (100 msec) by prepulse stimuli that ranged from 2 to 16 dB above the 65 dB background.
As in rats, the amount of PPI was decreased significantly in mice treated with amphetamine, apomorphine,
phencyclidine, MDMA, or RU 24969. The 5-HT-1A agonist 8-OHDPAT increased PPI in mice. Mice lacking
the 5-HT-1B receptor (provided by R. Hen) exhibited abnormally high levels of PPI in the absence of drug. As
expected from the relative receptor specificities of RU 24969 and 8-OHDPAT, the PPI-disruptive effects of RU
24969 were absent in the 5-HT-1B knockout mice, while the PPl-increasing effects of 8-OHDPAT were
maintained. By contrast, studies of mice lacking the dopamine D4 receptor (provided by M. Low and D.
Grandy) have revealed normal PPI in the knockout animals. Furthermore, the effects of amphetamine and
apomorphine on PPI appeared to be unaltered in the D4-deficient mice. These studies demonstrate the
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pharmacological sensitivity of the PPI paradigm for studies in wild-type and genetically modified mice and
confirm that the knockout procedure can selectively modify the responses of animals to appropriate agonists.
Supported by NARSAD and DA(09862.

Challenge Strategy for Characterizing Knockout Mice
Klaus Miczek
Department of Psychology, Tufts University, Boston and Medford, MA

Pharmacological evidence implicates CRF and CCK-B CNS receptors in a wide range of physiological and
behavioral processes, most prominently in how individuals react to and cope with a range of stressful, aversive

life events. A strategy was developed to characterize behavioral patterns in those mutant mice who lacked the

gene for CRF or CCK-B in comparison to their heterogeneous wild-type counterparts in a stepwise progression

from situations that involved very brief stresses to more intense prolonged ones. In the initial stage, mice

were exposed to novelty stress in an open-field where their thigmotaxis response as well as their exploration of
exposed brightly lit areas could be measured by an image analysis system. After the mice had habituated as
indicated by an exponential decline in exploratory behavior, dishabituation probes were inserted. Behavior in
open, unwalled arms of a plus-maze served as a further index of exploratory behavior that is sensitive to

pharmacological manipulation of CRF and CCK-B receptors. In a learning situation, mice were assessed for
their rate of acquisition of food-reinforced responding and their response to extinction (“frustrative non-reward”)

as well as the stress of food restriction. Reflexive responses to startling and painful stimuli reflect spinally and
supra-spinally mediated processes that are gated by descending information. In the final stage, the mice were
challenged as “intruders” with social provocations in the form of threats and attacks by an aggressive resident.

The data suggest important redundant and compensatory mechanisms for survival behavior which is only
moderately affected by a single gene.

Integration of Transgenic Mouse Models and Behavioral Analysis
Lisa H. Gold
Department of Neuropharmacology, The Scripps Research Institute, La Jolla, CA

Intravenous drug injection, as well as lifestyles that promote high risk behaviors, renders the drug abusing
population particularly vulnerable to the spread of HIV infection. A critical hypothesis for this vulnerability is
the influence of drugs of abuse on disease progression. Direct neurotoxic effects of drugs, in addition to their
effects on immunocompetence, may contribute to an enhancement of the neurobehavioral dysfunction
associated with HIV infection, or accelerate its onset. Candidate mediators of neuropathogenesis include virus-
derived (gpl120) and host-derived (IL6, IFNa) factors. One experimental model involves the transgenic
expression of gpl120, the HIV coat protein, which has been shown to be toxic in vitro and to produce
retardation of developmental milestones and spatial learning impairments in vivo. Two additional models
involve the transgenic expression of the cytokines, IL6 and IFNa. IL6 has been shown to have a direct
pathogenic role in various inflammatory, infectious, and neurodegenerative CNS diseases. The interferons are
antiviral host defense molecules, and exogenous administration of IFN mimics many of the CNS symptoms of
HIV infection. These transgenic mouse models exhibit unique neuropathological changes that replicate specific
aspects of clinicopathology seen in neuroAIDS. Characterization of behavioral phenotypes in these transgenic
mice is ongoing. A powerful method for perturbing behavior and exaggerating potential differences between
experimental groups involves the use of pharmacologic agents with known neurobehavioral actions to probe
potential underlying neurochemical differences between groups and to reveal dysfunction of specific
neurotransmitter systems. Transgenic mice can be trained to self-administer drugs intravenously and then tested
for neurobehavioral function and responsiveness to acute drug probes in tasks assessing other behaviors such as
learning, motor activity, and analgesia. Behavioral studies can be complemented by studies of molecular and
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cellular neuropathology, as well as peripheral immune parameters. Such an approach integrates analysis of drug
effects on CNS and immune function, as relates to components of HIV disease progression, across several
levels of investigation. Converging results should go far in identifying critical viral- and host-derived factors
associated with increased susceptibility to the pathobiological effects of drugs of abuse and consequent
synergistic neurotoxicity. Equally important, these studies will help to determine the nature of viral
neuropathogenesis to specific brain systems relevant to drug reward, which may have significant clinical
outcomes in terms of altered neurobehavioral and pharmacological sensitivity to drugs of abuse in HIV infected
individuals.

Supported by U.S. P.H.S. grants MH47680 and DA10191.
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DRUGS OF ABUSE AND THE IMMUNE SYSTEM
T. K. Eisenstein; B. Sharp; Y. Daaka; K. V. Khanna; J. L. Bussiere; and J. Nowak

Opiates, Opiate Receptors and Signal Transduction in Lymphoid Tissue

B. M. Sharp, D. J. McKean, and N. A. Shahabi, University of Minnesota School of
Medicine, Minneapolis, MN

Endogenous opioid peptides secreted from neural, endocrine and immune tissues directly impact immune
function. Opiate alkyloids such as morphine are also immunomodulatory. Both pharmacological and molecular
approaches indicate that lymphocytes obtained from human, simian and murine tissues express opioid receptors
that are similar to those present in neural tissues. Opiate modulation of both humoral and cell-mediated
immunity is due in part to effects on T lymphocytes. Delta opioid receptor (DOR) agonists have been shown to
modulate crucial events involved in T-cell activation including (i) the proliferative response to crosslinking the
CD3 complex associated with the T-cell antigen receptor (TCR), and (ii) the production on interleukin-2 (IL-2)
which is involved in progression from G1 to S phase of the cell cycle (Shahabi and Sharp 1995). To understand
DOR-mediated signal transduction in T-cells, the cDNA encoding this receptor was. stably expressed in Jurkat
cells, a human T-cell line (Sharp ef al. 1996). This model was used to determine whether intracellular calcium
and cAMP mediate signaling through the neuronal DOR expressed by T-cells. DOR agonists, deltorphin and [D-
Ala® D-Leu’]-enkephalin (DADLE), elevated intracellular calcium ([Ca>'],) at concentrations from 10™'- 107 M
(Sharp et al. 1996); both agonists dose-dependently increased [Ca2+], from 60 mM to peak concentrations of 400
nM within 30 sec (EDs, of approximately 5 x 10 M). Naltrindole, a selective DOR antagonist, abolished the
increase in [Ca2+]i, as did pertussis toxin. To assess the role of extracellular calcium, cells were pretreated with
EGTA which reduced the initial deltorphin-induced elevation of [Ca2+], by more than 50% and eliminated the
second phase of calcium mobilization. Forskolin-stimulated cAMP production was reduced 70% by DADLE
(ICs, of approximately 107" M) and pertussis toxin also inhibited this. Thus, the DOR expressed by a
transfected Jurkat T cell line is positively coupled to pathways leading to calcium mobilization and negatively
coupled to adenylate cyclase. These studies identify 2 pertussis toxin-sensitive G-protein mediated signaling
pathways through which DOR agonists regulate the levels of intracellular messengers that modulate T-cell
activation. Endogenous opioid peptides, such as B-endorphin, have been reported to modulate T cell function
through opioid and non-opioid receptors (Shahabi et al. 1990). Therefore, investigations were undertaken to
determine whether B-endorphin affects the mobilization of [Ca®], by murine splenic T cells. Since opioid
peptides modulate activation induced by mitogens or anti-CD3, the effects of f-endorphin, alone, and in
conjunction with concanavalin A (Con A) were studied. Con A was selected because of its efficacy in inducing
calcium mobilization by both CD4" and CD8" T-cells. The [Ca2+], of T cell enriched splenocytes was measured,
and by gating on the T cell marker, Thy-1, a 95%-pure population of T cells was identified for study (Shahabi et
al. 1996). Cells preincubated with -endorphin showed significantly enhanced [Ca2+], responses to the mitogen,
Con A. This was detectable with concentrations of B-endorphin as low as 10" M; maximal enhancement
required 10"°-10° M doses. The efficacy of B-endorphm was dependent on the duration of pre-treatment. 3
Endorphin amplified the Con A- mduced increase in [Ca )i by reducing the lag time for the response to Con A
and by increasing the mean [Ca ", of the cells. N-Ac- -B-endorphin, which shows minimal potency at neuronal
opiate receptors, was unable to substitute for B-endorphin. Naltrindole, a highly selective DOR antagonist,
inhibited the action of f-endorphin, whereas a selective mu opiate receptor antagonist was ineffective. Although
less potent than B-endorphin, DADLE also significantly enhanced [Ca®"], responses. In summary, concentrations
of B endorphm within the physiological range found in the systemic circulation, modulate the increase in T cell
[Ca "); induced by Con A. Both the efficacy of DADLE alone and the antagonism of [--endorphin by naltrindole
suggest that a delta-type opiate receptor may mediate these effects.

Fluorescent Labeling of the Kappa Opioid Receptor on Cells of the Immune System
Tracey A. Ignatowski and Jean M. Bidlack, University of Rochester, Rochester, NY

Recent studies have shown the labeling of K opioid receptors on the RIEGO thymoma cell line by indirect
immunofluorescence and flow cytometric analysis (Lawrence et al. 1995). The present study employed a
fluorescein-labeled acrylacetamide (FITCC-AA), a K-selective opioid, in conjunction with biotin-conjugated,
anti-fluorescein IgG and extravidin-R-phycoerythrin, along with double-labeling using antibodies against specific
immune cell surface markers to determine which subpopulation of lymphocytes express the K opioid receptor.
Thymocytes, isolated from 6-8 week old, male C57BL/6ByJ mice, were incubated with FITC-AA followed by
the phycoerythrin amplification procedure demonstrating labeling of the K opioid receptor. This labeling was
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blocked 55 + 4% by excess nor-binaltorphimine (nor-BNI), a k- -selective antagonist, but was not blocked by
selective & or u opioids. This X opioid receptor positive cell population consisted of 58+ 2% of all gated
thymocytes. Phenotypic characterization determined that not only were 64 + 3% of the gated thymocytes
CD4'/x opioid receptor positive, but 60 + 1% of all thymocytes were CD8'/K opioid receptor positive. Two
distinct subpopulations of CD3" thymocytes, consisting of immature and mature cells, also displayed labeling
for theopioid receptor. Double-labeling of thymocytes with anti-CD4 and anti-CD8 antibodies demonstrated
82 +0.5% of these cells were of the double-positive phenotype. Therefore, these findings demonstrate that the
thymocytes were predominantly of the immature CD4"/CDS8" phenotype, and the majority of these cells express
thex opioid receptor. Collectively, these findings not only establish the presence of the X opioid receptor on
immune cells, but further indicate that this technique allows for the identification of distinct lymphocyte
subpopulations which express the receptor. (Supported by USPHS grants DA04355 and DA 09676)

Induction of IL-2 Receptor o Gene by A‘g-tetrahydrocannabinol Is Mediated by NF-xB and
CB1

Yehia Daaka, Herman Friedman’ and Thomas W. Kleinl, Howard Hughes Medical Institute,
Duke University Medical Center, Durham, NC, and ‘Department of Medical Microbiology
and Immunology, University of South Florida College of Medicine, Tampa, FL

The cannabinoid, A*’-tetrahydrocannabinol, increases expression of IL-2 receptor and B proteins and mRNAs,
but decreases the level of the Y message in natural killer cells (Zhu ef al. 1995). The drug increases the P chain
message stability rather than affecting rate of transcription. In the present study, we examined the mechanism
responsible for the drug-induced increase in the IL-2 receptor & chain message. Nuclear run-on and mRNA
stability studies show A*°’-tetrahydrocannabinol increases the transcriptional level of IL-2 receptor & but has no
effect on mRNA stability. Because expression of this gene is regulated by nuclear factor kB (Leung and Nabel
1988), we tested the effect of drug treatment on the nuclear level of this protein using the electromobility shift
assay. These studies show a drug-induced increase in nuclear factor kK B activity. To link this increased activity
with the increase in IL-2 receptor 0 message, antisense oligodeoxynucleotides were used to inhibit expression of
the RelA component of nuclear factor KB. These studies show anti-RelA antisense eliminates the cannabinoid-
induced upregulation of IL-2 receptor K mRNA. Furthermore, inhibition of the cannabinoid receptor type 1 with
antisense oligomers also eliminates the drug effect on the IL-2 receptorst message. These results suggest that
Afg-tetrahydrocannabinol treatment of NKB61A2 cells increases IL-2 receptor @ gene transcription by increasing
the nuclear level of nuclear factorkB through a mechanism involving cannabinoid receptor type 1. Finally, it is
possible to speculate that marijuana abuse might augment AIDS development due to an increase in nuclear
factor KB which is known to activate the HIV genome and increase retroviral replication (Pierce et al. 1988).

Effects of Opioids on Immune Function and Host Defense to Infection

Toby K. Eisenstein, Ph.D., Department of Microbiology and Immunology, Temple
University School of Medicine, Philadelphia, PA

This lecture was a tutorial overview of the field to synthesize the work which supports the conclusion that
opioids are immunomodulatory. The literature on the effects of morphine and other opioids on immune
responses and susceptibility to infection was reviewed and data from our laboratories was presented to illustrate
specific points. Three paradigms were presented: administration of drug in vivo with measurement of in vivo
effects on immune and host defense responses; administration of drug in vivo with measurement of in vitro
effects; and addition of drug in vitro to cells of the immune system. The specific papers cited have been collected
in a recent review (Eisenstein er al. 1995). Morphine given in vivo to mice has been shown to inhibit serum

antibody responses to tetanus toxoid (Eisenstein et al. 1990), sheep red blood cells, and trinitrophenyl-bovine
serum albumin. Further, delayed type hypersensitivity, a measure of cellular immunity, has been shown to be
inhibited in rats, mice, and pigs by morphine. In models of infection, morphine has been shown to sensitize
mice to the yeast, Candida albicans; the protozoan, Toxoplasma gondii; the bacterium, Listeria monocytogenes;,
and to encephalomyocarditis virus and Friend Leukemia virus. Morphine also sensitized pigs to bacterial
pneumonia in animals infected with swine herpesvirus, and monkeys to Simian Immunodeficiency Virus. If
morphine was given in vivo and cells from treated animals were placed in culture, suppressive effects were seen
in a number of different assays of immune function. Mouse spleen cells exhibited depressed capacity to mount
in vitro antibody responses to sheep red blood cells (Bussiere ef al. 1992) and mouse bone marrow precursors

were less able to develop into macrophages in vitro. Mitogen responses of mouse spleen cells to B- and T-cell
mitogens were suppressed, as were responses of rat peripheral blood mononuclear cells to a T-cell mitogen. The

capacity of human T-cells taken from addicts to rosette with sheep red blood cells was diminished. Natural killer
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cell activity in rat and mouse spleens and in peripheral blood of rhesus monkeys was depressed. Phagocytic
capacity of mouse peritoneal cells to ingest yeast was also depressed. An important question in the field is
whether the effects of morphine given in vivo are directly on cells of the immune system or whether they are

mediated, for example, by products of the sympathetic nervous system or the HPA axis. A definitive approach
to this question is the design of in vitro experiments where the drug is added to immune cells in culture, thus
bypassing other physiologic systems of the host. Using the in vitro approach, human T-cells have been shown
by three different groups to be inhibited in their ability to rosette with sheep red blood cells. Mouse (Taub ef al.

1991) and rat spleen cells have been shown to be inhibited in their capacity to mount an in vitro response to
sheep red blood cells. The kappa agonist, U50,488H, has also been shown to be active in this assay by two
different laboratories. Strain differences among mice were noted in regard to in vitro activity of morphine and
U50,488H (Eisenstein et al. 1995). As formation of antibody to sheep red blood cells requires B-cells, T-cells,
and macrophages, the nature of the target cell cannot be’ determined without further experimentation. Cell
fractionation studies have shown that both T-cells and macrophages are inhibited by U50,488H, and an effect on
B-cells could not be ruled out. The majority of in vitro studies have been carried out on phagocytic cells.
Chemotaxis of human peripheral blood mononuclear cells and polymorphonuclear cells was inhibited by
morphine. Mouse peritoneal macrophage phagocytosis of sheep red blood cells and yeasts was inhibited.
Further, the respiratory burst of human peripheral blood mononuclear cells was depressed, as was their capacity
to release tumor necrosis factor and interferon-y. U50,488H inhibited release of interleukin-1 and tumor necrosis
factor from a mouse macrophage cell line and from primary murine peritoneal macrophages. These results show
a substantial body of literature in which morphine was demonstrated to have a direct action on cells of the
immune system. The literature shows that morphine, both in vivo and in vitro, is immunosuppressive. Further,
while some of the in vivo effects may be mediated, direct effects on cells of the immune system, particularly
professional phagocytes, can be demonstrated. Therefore, direct effects on immune cells may result in alteration
of many of the parameters of immune function which have been observed.

Effect of Morphine on Mycobacterium bovis Infection of Porcine Alveolar Macrophages

U. V. Khanna, J. M. Risdahl, P. K. Peterson’ and T. W. Molitor, Department of Clinical
and Population Sciences, University of Minnesota, St. Paul, MN, and IDepartment of
Medicine, University of Minnesota and Minneapolis Medical Research Foundation,

Minneapolis, MN

Mycobacterial infection has become one of the most common causes of morbidity and mortality for individuals

who use morphine for post-operative pain control, during cancer therapy, as IVDU, and in persons infected with
HIV (Friedman et al. 1996). Mycobacteria survive and replicate within the macrophages of these patients (Ellner

and Wallis 1989), with the alveolar macrophage (AM) being the most critical cell for the outcome of infection.

We have initiated studies to analyze the effect of morphine, administered in vitro and in vivo, on the

susceptibility of porcine AM to Mycobacterium bovis infection. AM were collected by sterile lung lavage from
8-12 week old, conventional pigs and placed in media containing morphine sulfate between 10° M and 107 M.

M. bovis was added at a 10:1 ratio to AM at 0, 2, and 24 hours after initiation of morphine treatment. Cell-

associated bacilli were quantitated by auramine-rhodamine staining at 18 hours p.i. by fluorescence microscopy.

This timepoint was chosen to maximize the amount of uptake before the occurrence of a replication cycle by the
mycobacteria. Under the in vitro morphine conditions we tested, susceptibility of AM to M. bovis infection was
not altered (n = 12). Using a model of chronic morphine administration (Risdahl et al. 1992), AM from pigs

administered morphine in vivo were infected with M. bovis as described for the in vifro morphine experiments.

AM from the chronic morphine pigs were significantly less susceptible to infection by M. bovis (p > 0.003, n

= 17), which is consistent with a defect in phagocytosis by AM as observed by others (reviewed in Eisenstein et
al. 1995). We also measured replication of M. bovis from the morphine-treated AM by lysing the cells at 0, 4
and 7 days post-infection and plating the lysates to determine colony forming units (cfu). In morphine-treated
AM, we observed a nearly twofold increase in replication at day 4 (p < 0.01, n = 7), which is no longer

statistically significant at day 7. In summary, under the conditions described, we have not observed an effect of
in vitro morphine treatment on the susceptibility of AM to mycobacterial infection. However, we have seen a

significant reduction in the uptake of mycobacteria by AM from morphine-treated pigs, and an increase in the
replication of M. bovis in these cells. Future studies will focus on the mechanisms by which morphine’ may be

altering susceptibility, and on an infection paradigm of in vivo morphine, in vivo mycobacteria infection.
(Supported by NIDA grant DA07239)
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Effects of Morphine or Methadone Treatment on Immune Responses in Recombinant
gp120-treated Mice

Jeanine L. Bussiere, Eric H. Schauble and Peter A. Virsik, Genentech Inc., South San
Francisco, CA

In the present study, the immune effects of morphine or methadone administration were compared in a murine
model in response to an HIV antigen, gp120. Female C3HeB/Fel mice were either implanted with a 75-mg
morphine pellet (MOR-pelleted) on Day 1, injected SC daily with 50 mg/kg of morphine (MOR-injected) or 20
mg/kg of methadone (METH-injected) and assessed for antibody response and delayed-type hypersensitivity
(DTH) response to rgp120. All mice were vaccinated SC with 200 pl of 75 pg/ml rgp120 with QS-21 adjuvant
on Days 1 and 8. Antibody titers to rgpl20 were measured on Day 14 by an ELISA; DTH responses were
measured by footpad swelling 24 hours after SC challenge with rgp120 on Day 14. We have shown previously
that morphine pellet implantation suppresses both antibody and DTH response to rgp120 (Virsik and Bussiere
1995). The 50 mg/kg/day dose of morphine has been shown previously to suppress immune responses (Carr et
al. 1995), while the 20 mg/kg dose of methadone had no effect on antibody responses after 5 days (LeVier ef al.
1995). In this study, animals implanted with a morphine pellet had significantly suppressed antibody and DTH
responses to rgpl120. However, there was no difference in antibody or DTH response to rgpl120 in the MOR-
injected or METH-injected mice compared to controls (receiving daily SC injections of saline). Serum levels of
morphine or methadone were assessed by radioimmunoassay. It appears that the daily doses of morphine and
methadone may not have maintained sufficient serum levels to induce immunosuppression as seen with the
continuous serum exposure in morphine-pelleted animals. Therefore, we tried a dose escalation method to see if
we could maintain chronic exposure and more closely mimic the serum levels seen with morphine pellet
implantation. Animals were injected SC daily with a dose escalation of morphine (MOR-injected [DE]; 50
mg/kg, 75 mg/kg, and 100 mg/kg increased every five days) or methadone (METH-injected [DE]; 20 mg/kg, 35
mg/kg, and 40 mg/kg increased every five days) starting on Day -2. Antibody responses were suppressed
approximately 40-45% in both MOR-injected (DE) and METH-injected (DE) mice, although this difference was
not statistically significant. However, DTH responses were significantly suppressed in both MOR-injected (DE)
and METH-injected (DE) mice. Chronic administration of morphine via pellet implantation suppressed humoral
and cell-mediated immune responses, however intermittent, escalating exposure via daily SC injections to
morphine or methadone suppressed only cell-mediated immune responses. There appears to be no difference in
the immune responses of methadone- or morphine-injected mice in this model.

Modulation of Immune Function In vivo by a Non-peptidic 8 Receptor-selective Opioid
Agonist

Jason E. Nowakl, Silvia N. Calderon, Kenner C. Rice and Richard J. Weberl, IDepartment
of Biomedical and Therapeutic Sciences, University of Illinois College of Medicine at
Peoria, Peoria, IL, and Laboratory of Medicinal Chemistry, NIDDK, NIH, Bethesda, MD
Opioids have a variety of effects on immune system function in vivo and in vitro. We have examined indirect
opioid/immune interactions in vivo by studying the neuroanatomical, pharmacological, and structure/activity
relationships of opioids and immune function. Injection of opioid receptor subtype-selective agonists and
antagonists centrally has allowed the delineation of CNS opioid receptor subtypes regulating immune function.
Our studies indicate that certain CNS regions and p opioid receptor-selective agonists mediate opioid-induced
immunosuppression of natural killer (NK) cell activity (Weber and Pert 1989, Band ez al. 1992). Central actions
of & and pu receptor-selective opioids have immunomodulatory effects that differ from p actions (Band et al.
1992). Recently we have identified a non-peptidic & receptor-selective opioid which is devoid of certain
immunosuppressive properties induced by y-selective agonists. Whereas p agonists induce suppression of
splenic NK activity and T-cell proliferation in response to various doses of IL-2, R73 (antibody to CD3/TCR),
or IL-2 + R73, ICV administration of & agonist did not produce these effects. Similarly, thymic T-cells showed
no functional changes. Also, flow cytometric analysis revealed no change in cell populations (CD3, CD4, CDS§,
NK) or in cell surface antigen density from either tissue compartment. Interestingly, certain non-peptidic &-
selective opioids have the ability to potentiate T-cell proliferation through direct interactions with putative
leukocyte opioid receptors (Sanchez et al. this volume). These results suggest that this opioid agonist could be
useful in clinical situations such as 1) the treatment of pain where suppression of NK cell activity is
undesirable, i.e., burn victims or cancer patients opting for adoptive immunotherapy or 2) where enhancement of
immune function is desired, such as infectious disease, including AIDS. (Supported in part by NIH grant DA/A
108988) References furnished upon request of senior authors.
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MARIJUANA USE: BASIC MECHANISMS, EPIDEMIOLOGY, NATURAL HISTORY,
AND CLINICAL ISSUES

A J. Budney,ID B. Kandel,’ D. R. Cherek’ B. R. Martin,’ R. S. Stephens,’ C. R. Schuster’

University of Vermont,' Columbia Umversny, University of Texas-Houston,’ Virginia
Commonwealth Unlversny, Virginia Polytechnic Institute and State Un1vers1ty, Wayne
State Umvers1ty

Although marijuana has been the most widely used illicit drug of abuse over the past 30 years, there has been
relatively little scientific attention focused on marijuana’s addictive potential or on clinical issues concerning
abuse. The goal of this symposium was to provide a broad overview of recent research addressing marijuana as a
drug of abuse. The participants provided experimental data from the basic laboratory to the clinic that addressed
issues of dependence, motivational effects, epidemiology of dependence, and clinical management of marijuana
use or abuse.

Dr. Martin began the symposium with a review of preclinical findings addressing the biological basis for the
development of tolerance and dependence. In particular, he reviewed evidence that clearly demonstrates the
existence of a functional endogenous cannabinoid system in the central nervous system. The characterization
and localization of cannabinoid receptors in brain, the identification of second messenger systems that involve
adenylyl cyclase and N-type calcium channels, the discovery of the endogenous ligand anandamide, and the most
recent development of a specific cannabinoid antagonist have provided the basic tools for pursuing the
mechanisms underlying the development of tolerance and dependence to cannabinoids. It has been well
established that tolerance develops to all of the centrally mediated effects of cannabinoid following chronic
treatment. Several laboratories have reported receptor down-regulation in animals tolerant to cannabinoids. Dr.
Martin’s laboratory also found down-regulation of cannabinoid receptors in the cerebellum with a concomitant
increase in receptor mRNA levels in mice chronically exposed to CP 55,940, a potent cannabinoid analog. The
unanswered question is the cause-effect relationship between alterations in receptor and mRNA levels. In
addition, it is unknown whether comparable changes in mRNA occur in other brain areas that exhibit receptor
down-regulation in the tolerant state.

The degree to which dependence occurs to cannabinoids has been controversial, in part because animal models of
dependence have been lacking. The development of the specific cannabinoid antagonist, SR 141716A, afforded
for the first time the possibility of precipitated withdrawal. In studies in which rats were chronically infused
with 9-THC for four days (escalating doses of 2.5, 5.0, 10 and 20 mg/kg/day on each successive day) or mice
were administered twice daily injections of 9-THC (10 mg/kg/injection, i.p.) for seven days, the animals
exhibited profound withdrawal signs when challenged with the antagonist. The most prominent withdrawal
signs were “wet-dog” shakes and facial rubbing in rats and paw-tremors in mice. The onset of effects occurred
within ten minutes of the SR 141716A challenge and were evident an hour later. The development of this
model demonstrates unequivocally that dependence develops to 9-THC and provides a means for exploring the
mechanisms underlying biochemical adaptation that occurs in response to continual cannabinoid exposure.

Dr. Cherek presented experimental data that addressed the direct effects of marijuana smoking on human
motivation. First, Dr. Cherek described an interesting laboratory developed by his group for the purpose of
operationalizing the construct of motivation. The procedures used to measure motivation were based on a
behavior analytic model; in this protocol, the index of motivation was sensitivity to changes in reinforcer
magnitude.

Human subjects were given the opportunity lo earn points exchangeable for money either by pushing a button
on a progressive-ratio schedule or by not responding and receiving points on a fixed-time schedule. During each
experimental session, subjects began in the progressive-ratio schedule. Subjects had the option of switching to
the fixed-time schedule by emitting ten responses on an appropriate button. Using these schedule contingencies,
they examined the effects of smoking placebo or three potencies of marijuana cigarettes on the total number of
responses, and response rate in the progressive ratio component as well as the number of points earned and time
spent in the progressive-ratio and fixed-time components.
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Marijuana smoking produced a reduction in responding in the progressive-ratio component and earlier escape to
the fixed-time response independent point presentation. These effects were diminished by increasing the point
value. These results are consistent with an interpretation of a “motivation-reduction” effect of marijuana. An
interesting discussion concerning how these findings contrast with prior laboratory and clinical research
followed the presentation.

Dr. Kandel then presented some new data on the epidemiology of marijuana dependence. She advanced the idea
that progress in understanding the phenomenology of substance use and dependence will come from an
integration of different research traditions in the epidemiology of drug behavior. In particular, such an
integration will involve research on substance dependence, which emphasizes functional impairment to the
neglect of patterns of use, and research on substance use in the general populalion, which usually ignores
dependence or abuse criteria. Dr. Kandel described her ongoing work on marijuana use and last year dependence
that bridges these two research traditions. Five issues were addressed: (1) periods of active marijuana use from
adolescence to adulthood; (2) rates of last year marijuana dependence compared with dependence on alcohol,
nicotine, and cocaine; (3) rates of last year marijuana dependence in different age, gender, and ethnic groups in
the United States; (4) the relationship between intensity of marijuana use and dependence; and (5) aspects of
marijuana consumption that account for gender and age specific differences in rates of marijuana dependence.
The research was based on two samples: a longitudinal cohort followed for close to 20 years, the New York
State Cohort, and three aggregated waves (1991-1993) of the National Household Survey on Drug Abuse
(NHSDA). A proxy measure of DSM-IV last year marijuana dependence in the NHSDA was derived from self-
reported symptoms of dependence, data on frequency and quantity of use, and drug-related problems experienced
within the last 12 months.

Findings showed that marijuana use peaks at ages 19-23 among male and female marijuana users. Rates of last
year dependence are much higher in adolescence than at any other age. Among adolescent users a somewhat
higher proportion of females than males are dependent on marijuana although this difference is not statistically
significant. Among adults, the rates are significantly higher among the male than the female users up to age
50. Both frequency and quantity of use are linearly associated with the probability of being dependent on
marijuana. The associations vary significantly by age but not by gender. Adolescents become dependent at a
lower threshold than adults; the differences diverge further as the intensity of use increases. In multivariate
logistic analyses, both frequency and quantity of use retain a unique effect on marijuana, although frequency
appears to be more important than quantity in predicting dependence when controlling for covariates.

These results provide insight into the process underlying the age and sex differentials observed in the prevalence
of marijuana dependence. Adolescents may be more dependent than adults on marijuana because they experience
symptoms of dependence at a lower threshold of use than adults. Adult females experience lower rates than adult
males perhaps because they use at lower frequency and quantity levels than males. The implications of these
findings for epidemiological study of drug abuse generated much discussion from the audience.

Dr. Budney presented data on clinical issues related to marijuana as a secondary drug of abuse. Estimates of the
prevalence of marijuana use have ranged from 25% to 90% among cocaine and opiate abusers. His research
seeks to provide scientilic information relevant to the question of how to most effectively address marijuana use
in cocaine and opioid-dependent patients. Data were presented from five studies. Studies 1 and 2 examined
relations between marijuana use and sociodemographic, psychosocial, and drug-use variables among cocaine- and
opiate-dependent outpatients. Marijuana involvement was associated with reports of greater psychosocial
impairment, health problems, risk-taking behavior and drug-use severity. These marijuana-associated problems
did not appear to be a function of other sociodemographic or substance-use variables. Although many indicators
of problem severity did not differ between marijuana-use groups, the types of impairment observed were
consistent with findings from prior general population and clinical studies of marijuana users.

Study 3 examined patient reports of readiness to change their use of specific drugs of abuse. Two University of
Rhode Island Change Assessments, one modified to assess stage of change regarding cocaine or opioid use and
the other marijuana use, were administered to cocaine- and opioid-dependent outpatients who reported concurrent
marijuana use. Significant differences were observed between primary drug and marijuana on all four stages of
change for both patient groups, Precontemplation scores were higher for marijuana than cocaine or opioids;
while, contemplation, action, and maintenance scores were lower for marijuana than for cocaine or opioids.
These findings support the common clinical impression that many cocaine and opioid abusers who use
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marijuana enter treatment at different levels of readiness for change regarding each of these drugs; moreover,
many of these patients do not express interest in changing their marijuana use.

Studies 4 and 5 examined the effects of marijuana use on treatment outcome among cocaine- and opiate-
dependent patients receiving outpatient behavioral or pharmacological treatments. No adverse relations were
observed between marijuana use prior to or during treatment and any outcome measures (i.e., drug abstinence or
psychosocial functioning). These observations challenge the common assertion that drug-dependent patients
must simultaneously cease use of all drugs of abuse to make progress in treatment. Alternative treatment
strategies for addressing polydrug use were discussed. Dr. Budney’s research raised questions regarding how to
address marijuana use among cocaine- or opioid-dependent patients. The present data suggest that a flexible
approach that discourages marijuana use but does not mandate abstinence may be a reasonable treatment strategy.

Dr. Stephens presented assessment and treatment outcome data from two clinical trials of adults seeking
treatment for marijuana dependence. Both studies excluded persons with alcohol or other drug problems. Of
particular note were the large number of individuals who sought treatment when marijuana-specific programs
were publicized. The first study screened 385 individuals to arrive at a final sample of 212; while the second
study screened 602 to obtain 291 for the study. Most subjects were white, educated and in their late 20’s to
early 30’s. These users averaged over ten years of near-daily use, had made several serious quit attempts, and
persisted in using despite social psychological and physical impairment consistent with cannabis dependence.

In the first study, participants were randomly assigned to a Relapse Prevention (RP) group or a Social Support
(SS) group treatment. Each treatment consisted of ten, two-hour group sessions. The RP intervention
emphasized a learning model of addiction, cognitive-behavioral coping skills training, and anticipation and
planning for high risk situations for relapse. The SS condition relied on group social support for change.
Although 63% of subjects in both treatments reported abstinence for at least the last two weeks of the treatment
period, only 49%, 37%, 22%, 19%, and 14% of the sample remained continuously abstinent al the 1, 3, 6, 9,
and 12 month posttreatment follow-ups, respectively. Mean days of marijuana use per month at the respective
follow-ups were approximately 8, 10, 13, 14, and 14. These means reflect significant reductions from the
pretreatment level of 27 days. When improvement was defined as at least a 50% reduction in days of use with
no concurrent report of problems, 36% of the sample was improved during the final three months of the follow-
up period. Data collected from collateral informants and urinalyses provided strong support for the validity of
the self-reported use. Abstinence rates, days of marijuana use and reports of problems related to use did not differ
between groups at any follow-up point.

In the second study, participants were assigned either to a longer RP group treatment (14 sessions), a two-
session individual motivational interviewing intervention, or a four-month delayed treatment control. ~Although
both active treatments showed superior outcomes at 16 months post-initiation of treatment, there were no
significant differences between the active groups in abstinence rates, days of marijuana use, or report of
problems related to use. Taken together, the results of both studies suggest that adults who are dependent solely
on marijuana respond well to several types of interventions. Moreover, brief individual interventions may be as

beneficial and more cost-effective than extended group counseling efforts, at least in the population reached in
the present studies. Interestingly, the relapse rates among these marijuana abusers were comparable to rates
observed in treatment populations of abusers of other drugs. These data indicate a continued need to develop
more effective treatments for marijuana abusers.

Presenters and Titles

B.R. Martin Status of the cannabinoid receptor during the development of tolerance and dependence
D.R. Cherek Amotivational effects observed in humans after marijuana smoking under laboratory
conditions

D.B. Kandel Epidemiology and natural history of marijuana use and dependence
A.J. Budney  Marijuana as a secondary drug of abuse: clinical issues

R.S. Stephens Treating adult marijuana dependence

C.R. Schuster Discussant
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MOTIVATIONAL ASPECTS OF DRUG ABUSE

C. W. Schindler', L. V. Panlilio’, S. Schenk’, S. R. Goldberg', A. R. Childress’, A.
Markou", G. Koob4 and 1. P. Stolerman’

'NIDA Division of Intramural Research, Baltimore MD; Texas A&M University, College
Station TX; 3University of Pennsylvania/VA Medical Center, Philadelphia PA; ‘The
Scripps Research Institute, La Jolla CA; ’Institute of Psychiatry, London England

Over the last few years there has been increasing emphasis on the role played by motivational factors in
modulating the reinforcing effects of drugs of abuse and the operational criteria for defining broad motivational
concepts such as “craving”. The purpose of this symposium was to provide a psychological framework for the
study of motivational influences in drug abuse and to provide current examples of their application. These
applications include the study of sensitization, second-order conditioning, classical conditioning of motivational
stimuli and the importance of withdrawal in establishing motivation.

Schindler and Panlilio: Introduction. In recent years we have been challenged to move “beyond
reinforcement” as the defining principle for behavioral studies of drug abuse. While it is clear that operant
reinforcement theory cannot explain all aspects of drug-taking behavior, this approach has be successful in
defining many aspects of behavior controlled by drugs of abuse. Therefore, rather than abandoning the principle
of operant reinforcement, a more fruitful approach would be to expand on operant reinforcement theory to
include a theory of motivation. The theory of motivation as applied to drug abuse should include the principles
of motivation successfully applied to other fields of psychology. Drugs which produce withdrawal and
dependence may function as internal drive stimuli, although some evidence exists that even psychomotor
stimulants may have an internal drive component. Drugs which do not produce dependence may impart
motivational significance through incentive stimuli. Drugs may also function as either appetitive or aversive
motivators and may form either excitatory or inhibitory relationships with incentive stimuli. While incentive
stimuli often appear to co-vary with discriminative stimuli, these two separate functions can be factored out
with appropriate procedures. Finally, drugs may function as primary reinforcers to establish conditioned
reinforcers or second-order conditioning, which can further expand their influences on behavior. The
psychological area of motivation can provide a rich background for the study of drug abuse and can easily
subsume processes such as craving within a well-defined scientific framework.

Schenk: Role of sensitization in the acquisition and maintenance of drug-taking behavior.
Psychostimulant exposure sensitizes systems that are responsible for both the development and maintenance of
cocaine self-administration. Sensitization can be demonstrated in studies where the acquisition of cocaine self-
administration is measured. Latency to acquisition of self-administration is an inverse function of dose of
cocaine that serves as the reinforcer. Similar to the effects of increases in dose, exposure to cocaine and other
psychostimulants decreases the latency to acquisition of cocaine self-administration. These data suggest that (1)
cocaine is not an inherent reinforcer for a number of subjects, but it’s reinforcing effects develop as a result of
repeated exposure, and (2) prior exposure to stimulants can increase the speed with which the reinforcing effects
develop. A role of sensitization in the maintenance of cocaine self-administration may also be critical. During
unlimited access to cocaine, the duration of cocaine self-administration is related to the number of prior cocaine
self-administration sessions. Rats with a longer history of self-administration will maintain self-administration
for a longer duration. Under these conditions, cocaine self-administration is at least partially maintained by the
secondary reinforcing properties of cues that became associated with cocaine. Sensitization in the systems that
mediate this type of sensitization may be critical for the transition to compulsive drug-taking that characterizes
“abuse”. It may also play a factor in relapse to drug-taking that is so prominent in cocaine abusers.

Goldberg: Second-order reinforcers as measures of the motivational properties of drugs.
With human drug abusers, exteroceptive stimuli in their environment can acquire incentive-motivational
significance by virtue of the association of the stimuli with drug administration. It was demonstrated many
years ago that i.v. injections of various drugs of abuse can function as primary reinforcers in rats and monkeys
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and that exteroceptive stimuli associated with drug injection can become established as conditioned reinforcers

(or conditioned incentive-motivational stimuli). A particularly useful experimental procedure for studying this
phenomenon in the laboratory is called a second-order schedule of reinforcement. Under a second-order schedule

of drug self-administration, behavior (usually lever pressing) intermittently produces brief drug-associated
stimuli according to one set of schedule contingencies (e.g., every 30th press produces a brief light) and drug is

administered in association with the stimulus according to a second set of schedule contingencies (e.g., the first
30-response unit completed after 60 minutes elapses produces both the light and i.v. injection of drug). A
striking feature of these schedules is that extended sequences of high rate behavior can be maintained by highly
intermittent injections of various drugs, including morphine, amphetamine, nicotine, cocaine and barbiturates.

However, when the brief light stimuli are omitted and presented only in association with drug injection, rates

of drug-seeking behavior decrease sharply, even though the actual. frequency of. drug injection does not change.

Also striking is the finding that when the brief stimuli are initially omitted during extinction (saline injections

substituted for drug injections), drug-seeking behavior decreases to very low levels, but when the brief stimuli

are reinstated while saline extinction continues, drug-seeking behavior immediately returns to previous high
levels and remains there for several daily sessions. Using second-order schedules, the maintenance of high rates

of drug-seeking behavior by drug-associated stimuli during saline extinction has been demonstrated across drug
classes and in both non-human and human primates. There are clear implications of such findings for treatment
of drug abuse that are now under study in many laboratories. Recently we and others have extended the use of
second-order schedules of i.v. drug injection to the rat, making possible more extended neurobiological
explorations of this phenomenon. Studies of second-order schedules of drug injection in subjects ranging from
rats to monkeys to man will allow us to study both the control exerted over long sequences of drug-seeking

behavior by conditioned reinforcing stimuli and to study the motivational consequences of the primary
reinforcer, drug administration, before the drug is actually administered.

Childress: Classical conditioning as a mechanism for establishing conditioned incentives.
Human drug users can experience profound arousal and drug desire when external or internal cues remind them
of their preferred drug. In our view, the varied subjective and physiological responses to drug-related cues come
about through a simple process of classical conditioning: cues which reliably signal drug effects can acquire the
ability to trigger drug-related responses. Some of the responses to drug cues seem specific to the pharmacology
of the drug class (e.g., the cocaine user sensing a ‘cocaine taste’ in the back of the throat when seeing the street
corner where cocaine is purchased); others (increased drug desire) are common to several drug classes. These
responses are of clinical and research interest because they may motivate drug-seeking. We have demonstrated,
under controlled laboratory conditions, that drug-related cues can trigger craving and arousal. We have used
variations of this basic cue reactivity paradigm both to study and to treat cue-elicited responses. For both opiate
and cocaine patients, increased “craving” is the most commonly endorsed subjective response to drug cues, and
clinical interventions addressing drug craving (either through passive cue exposure or active ‘anti-craving’
strategies) improve drug-use outcomes in cocaine patients. These findings suggest the contributory role of drug
cues in the motivation of drug-seeking and drug use. We have recently begun to use cue reactivity as a tool for
examining the neurochemical and neuroanatomical correlates of cue-elicited craving states. In one approach, we
assess the cue reactivity of patients receiving either placebo or cocaine “anti-craving” agents (e.g., amantadine,
carbamazepine, ritanserin) in the ongoing clinical trials at our Center. If a medication is identified which can
block or reduce the craving/arousal to drug cues, inferences about the neurochemistry of the underlying state
may be possible. Our other approach is direct: we are measuring the neuroanatomical correlates of cue-induced
craving by exposing cocaine patients and controls without a cocaine history to drug cues during in vivo brain
imaging of regional cerebral blood flow (rCBF). The salient drug-like nature of many responses to cocaine cues
suggested the activated areas might be among those mediating cocaine’s rewarding effects, particularly the
mesolimbic brain regions. Consistent with this hypothesis, cocaine patients showed differentially increased
limbic blood flow (amygdala, anterior cingulate and temporal pole) during cocaine vs. non-drug cues. Flow was
not increased in several non-limbic comparison regions, and controls showed no significant differences in either
subjective or rCBF response to cocaine vs. non-drug cues. These initial results suggest conditioned cue
reactivity may be a useful research tool in understanding the brain substrates of drug craving and in developing
interventions for compulsive drug desire.
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Markou and Koob: Motivational effects of drug withdrawal. There are many sources of
reinforcement in the spectrum of drug dependence that contribute to the compulsive loss of control in drug
intake. However, the development of withdrawal has long been considered one of the most important and
integral parts of drug dependence. More specifically, it is hypothesized that the more affective aspects of
withdrawal contribute significantly more to continued drug self-administration, craving and relapse than the
somatic signs of drug withdrawal. In order to investigate the neurobiology of withdrawal, several animal
models of negative affective state have been developed. For example, the intracranial self-stimulation paradigm
provides measures of brain reward. It has been shown that withdrawal from several drugs of abuse, such as
cocaine, amphetamine, morphine and ethanol, results in significant elevations in brain reward thresholds, an
effect which is opposite in direction to the acute effects of the same compounds. Furthermore, during ethanol
withdrawal rats show an anxiogenic response in the plus-maze, while opiate withdrawing rats develop a
conditioned place aversion to an environment paired with withdrawal. In terms of a neurobiological hypothesis
of dependence, it can be conceptualized that the biological processes mediating withdrawal have developed as
counter-adaptations to the acute effects of drug. These counter-adaptations could be either within-system
adaptations or between-systems adaptations. For example, decreases in extracellular levels of dopamine and
serotonin in the nucleus accumbens of rats during cocaine withdrawal are considered within-system adaptations,
while elevations in extracellular levels of CRF in the amygdala of cocaine or ethanol withdrawing rats can be
considered between-systems adaptations. The extended amygdala is a neural system that may mediate both the
acute reinforcing effects of drugs and drug withdrawal (i.e., negative reinforcing properties) through both
within- and between-system adaptations. Such neuroadaptations could constitute the neurobiological substrate
of phenomena associated with drug dependence, such as loss of control over drug use, drug withdrawal, craving
and relapse.

Stolerman: Discussion. In the simplest case, the motivation to take drugs may be the result of previous
exposure to drugs that served as positive reinforcers. There is no clear limit to the power of this reinforcing
event but in addition, the discriminative and aversive stimulus effects of drugs must be built into an integrated
concept that recognizes the malleability of drug action as a function of environmental and genetic factors.
Craving may be the subjective expression of the combined impact of the psychopharmacological processes in
the concept; it is only one of several potentially important cognitive events and its influence on drug-taking is
for research to demonstrate. Thus, craving is the result of multiple environmental and genetic effects associated
with the complex phenotype that we call drug dependence; craving is not a monolithic entity that offers a
single molecular target for pharmacotherapy. A strong feature of the studies presented on sensitization was that
they attempted to examine self-administration rather than some other arbitrary response to the drug. An
important question is the role of tolerance to the aversive effects of a drug in producing the apparent
sensitization to reinforcing effects. Broader questions remaining on sensitization include the need for an agreed
definition; it may result from either a left-ward or an upward shift in the dose-response curve, which carry very
different implications for drug-taking. Similarly, the study of classical conditioning in drug-taking must take
into account the role of operant conditioning; drug-taking is an operant and the way classical conditioning
interacts with that operant has to be defined. For example, a conditioned stimulus may also serve a
discriminative function in setting the occasion for drug-seeking. Attention was drawn to a way in which
compounding of conditioned stimuli increased the strength of drug-taking. Withdrawal phenomena appear to
provide motivation through unique aversive processes. Aversive stimuli are thought to have three functions;
they can serve as negative reinforcers and as punishing stimuli, and they can support place and taste aversions
that give an indirect indication of aversive events. While withdrawal from morphine-like opioids meets all of
these criteria, there is a need for more evidence on whether withdrawal from many non-opioid drugs does so. In
summary, the development of more sophisticated psychopharmacological models of drug-taking was an
important trend, and the need to integrate diverse strands of existing knowledge was emphasized. Care must be
taken to avoid rediscovering old knowledge and renaming old, discarded concepts with new terminology;
specific, unique and testable predictions are required to advance the field.
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EXCITATORY AMINO ACIDS IN STIMULANT ABUSE AND AIDS DEMENTIA
T.R. Kosten

Yale University School of Medicine

This symposium included four presentations covering the role of excitatory amino acids in the neurotoxicity
associated with AIDS and with stimulant abuse. The first presentation by S. Lipton reviewed the role of the
NMDA receptor in neuronal injury in AIDS. As many as 70% of AIDS patients develop neurological
complications, but neurons themselves are not infected by HIV. It appears that HIV- or immune-related toxins
may directly or indirectly lead to neuronal injury via an interaction of macrophages (microglia) and astrocytes
with neurons. The final common pathway involves voltage dependent calcium channels and NMDA receptor
operated channels. These calcium channels are opened by excitatory amino acids such as glutamate and
possibly by direct stimulation of the HIV coat protein (GP120). When opened, calcium flows into neurons via
these channels, and this intraneuronal calcium load can be toxic leading to apoptosis. Infected macrophages or
microglia may release an NMDA-like neurotoxin that either binds directly to the neuronal NMDA receptor or
to astrocyte receptors. These astrocytes can produce quinolinic acid, another excitatory amino acid. Treatments
based on this model of neurotoxicity include antagonists of the L-type voltage dependent calcium channels such
as nimodipine and of the NMDA receptor such as MK801. Activation of both types of channels appears
necessary for AIDS neurotoxicity and both are activated by glutamate-like agonists. In general, the sensitivity
to glutamate may be enhanced by GP120, possibly because infected macrophages secrete quinolinic acid. Other
therapeutic approaches are to block the CD4 receptor which may bind not only the GP120, but also vasoactive
intestinal peptide (VIP). A VIP analog, peptide T has been developed to block this binding, and it has shown
efficacy in preliminary human studies. Thus, three pharmacological interventions are suggested to protect
neurons from HIV related injury: calcium channel or NMDA antagonists and VIP congeners.

The second presentation reviewed the work of M. Heyes on quinolinic acid levels in the cerebrospinal fluid
(CSF) of AIDS patients. The CSF levels are substantially elevated in AIDS patients to as much as 20 fold
among those with AIDS dementia compared to normal controls. The CSF elevations are also substantially
greater than the relative elevations in blood levels of quinolinic acid. Normally, CSF levels are less than 10%
of blood levels, but in AIDS dementia, CSF levels are even higher than blood levels. This reflects a
substantial increase in brain production of quinolinic acid by glial cells as a product of brain serotonin
metabolism. Quinolinic acid is released from these microglia as well as from neurons and it then diffuses into
the CSF. The duration of quinolinic acid exposure may determine neurotoxicity, with corticostriatal neurons in
rats degenerating after about 50 days of quinolinic acid exposure. Basal ganglia neurons seem particularly
sensitive to this toxicity, and there is prominent invasion of macrophages and extensive microglia activity in
the basal ganglia of AIDS dementia patients reflecting the production of quinolinic acid. The severity of AIDS
dementia is correlated with these CSF levels of quinolinic acid (r=0.43, P<0.0001) and the highest correlations
were with learning and immediate recall tasks. The quinolinic acid levels in CSF can be reduced substantially
by AZT treatment (11 fold reduction), which can also improve neuropsychological functioning. Thus,
improvements in neurological impairment as well as prevention of subsequent neuronal damage are correlated
with reductions in CSF quinolinic acid levels consistent with its neurotoxicity.

L. Gold presented on transgemic mice that express either the GP120 protein or interleukin 6 (IL6) in brain
astrocytes. This IL6 peptide is secreted by HIV infected microglia and astrocytes and may contribute to AIDS
neurotoxicity. These mice have many characteristics of AIDS dementia in humans, particularly those mice
expressing IL6. In addition, these IL6 mice have abnormal NMDA receptor function suggesting increased
calcium permeability as a mechanism for neurotoxicity. Ongoing work also suggests enhanced drug self-
administration in these IL6 mice.
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The presentation by P. Sonsalla focused on the role of NMDA receptors and excitatory amino acids in the
dopaminergic (DA) neurotoxicity produced by stimulants particularly amphetamine. The mechanism inducing
dopamine neuron damage may involve an increase in free radical production from dopamine oxidation (e.g. 6-
hydroxydopamine). Various NMDA antagonists can prevent amphetamine neurotoxicity. The protective
effects of NMDA antagonists may be due to an attenuation of DA release as well as direct activation of NMDA
receptors located on the DA nerve terminal. However, nerve terminals, not cell bodies are damaged by
amphetamine, and NMDA toxicity affects cell bodies, while sparing nerve terminals. Thus, glutamate and
NMDA receptors may be critically involved in this stimulant neurotoxicity, perhaps through the hyperthermia
produced by all stimulants (e.g. amphetamines and cocaine) in humans leading to metabolic stress and toxic
oxidation by products.

The final presentation by T. Kosten reviewed human studies from substance abusers with HIV infection and
built on the previous presentations that excitatory amino acid induced damage to neurons may underlie the
cognitive impairments found in patients with AIDS or with stimulant abuse. The reasons for activation of the
excitatory amino acid system and its neurotoxicity differs somewhat between AIDS and stimulant abuse. In
AIDS, the HIV virus may induce release of various cytokines through the GP120 coat protein leading to
stimulation of excitatory amino acid release. In stimulant dependence, excitatory amino acid release may be
related to dopaminergic neuronal interactions with neurons that release excitatory amino acids as well as to
indirect effects of brain ischemia from stimulant induced vaso-constriction and platelet aggregation. Stimulant
induced brain ischemia can be shown by blood flow neuroimaging studies.

The assessment of cerebral blood flow using SPECT or PET has demonstrated patchy perfusion defects in the
brains of both AIDS patients and in cocaine abusers. The cortical perfusion defects produced by these two
disorders are indistinguishable in appearance, but a distinguishing feature between early AIDS infection and
cocaine induced neuronal toxicity occurs in the basal ganglia. Cocaine abusers also have patchy perfusion
defects in the basal ganglia, but early AIDS patients more commonly have hyperperfusion of the basal ganglia.
We have found that these basal ganglia perfusion abnormalities are correlated with neuropsychological
impairment. In substance abusers with AIDS, increased levels of perfusion in the basal ganglia are correlated
with increased neuropsychological impairment. Conversely, in cocaine abusers who are not HIV infected,
decreased levels of basal ganglia perfusion are correlated with increased neuropsychological impairment. Thus,
in severe cases of neuropsychological impairment, cocaine abusers tend to have decreases in basal ganglia
perfusion whereas substance abusers with AIDS tend to have increased levels of basal ganglia perfusion.

As AIDS dementia progresses, brain perfusion including perfusion of the basal ganglia is globally reduced.
Autopsy studies of AIDS patients frequently show substantial destruction of the basal ganglia and its
dopaminergic projections from both the ventral tegmental area and substantia nigra. Damage to these same
systems has been suggested by recent studies of cocaine abusers who have demonstrated Parkinsonian
symptoms during cocaine absence. Thus, stimulant abusing AIDS patients may be particularly vulnerable to
neurotoxicity in these dopaminergic systems leading to cognitive impairment.

Treatment of the HIV infected cocaine abuser with antivirals such as AZT for their AIDS induced perfusion
defects and with anti-platelet agents such as aspirin for their cocaine induced perfusion defects are two
approaches to improving their cognitive functioning and possibly their response to cocaine psychotherapies.
However, an alternative approach to treating both disorders in these patients might use excitatory amino acid
antagonists such as mementine or lamotrogine. While mementine is not currently available in the United
States, studies have been done with a related compound amantadine. Studies with amantadine in cocaine
abusers have had mixed results, although some show promise in reducing cocaine abuse. More recently,
studies have begun with lamotrogine in methadone-maintained HIV infected cocaine abusers. Lamotrogine has
demonstrated good patient acceptability and compliance with once daily dosing as well as excellent safety in
human laboratory studies with cocaine administration. In an initial clinical trial, lamotrogine reduced cocaine
use. In addition, these HIV positive cocaine abusers who become abstinent showed significant improvement in
neurocognitive functioning.
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In summary, both AIDS and stimulant abuse appear to induce neuronal toxicity through a final common
pathway involving excitatory amino acids. This neuronal damage can be carefully monitored using SPECT
blood flow neuroimaging, which can demonstrate not only patchy perfusion defects at baseline, but also good
responses to specific treatment interventions such as AZT and aspirin. A new treatment approach that
addresses both disorders is the use of excitatory amino antagonists such as lamotrogine.

The discussant, P. Bridge, reviewed the medication development implications of this work for both cocaine
abuse and AIDS cognitive impairment.
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INTRODUCTION

Many drugs of abuse produce behavioral effects, directly or indirectly, by actions at membrane-bound receptors.
Current concepts of agonist efficacy in receptor theory may be useful for evaluating these receptor-mediated
effects and for developing medications to treat drug abuse. Concepts of efficacy have evolved steadily
throughout the development of receptor theory. At least as early as the 1870s, Langley suggested that the
actions of chemicals on biologic tissues were governed by the law of mass action. Others subsequently showed
orderly relationships between the effects of agonists and their antagonism by receptor blockers, providing
support for the notion that drugs produced effects by acting at specific receptors. In the 1920s Clark offered his
classic theory of drug action, based on the fundamental premise that the magnitude of response was
proportional to the fraction of receptors that was occupied. It became evident, however, that some drugs
produced maximal effects at concentrations that did not occupy all of the receptors and that other drugs produced
less-than-maximal effects even when occupying all receptors. In the 1950s, Ariens introduced the term
intrinsic activity, defined as the property of an agonist that produced an effect per drug-receptor interaction. The
postulation of intrinsic activity provided a parsimonious explanation for variations in responses obtained with
drugs that had similar affinities. Yet, it did not account for the empirical observation that some drugs were full
agonists under some conditions and partial agonists, or perhaps even antagonists, under other conditions.
Presumably, intrinsic activity (as postulated by Ariens) was an inherent property of the chemical structure of
the drug and the receptor and should not vary among tissues. Stephenson and, later, Furchgott were among
those to address this issue of different tissue-dependent responses to the same drug. In particular, Furchgott
introduced the term intrinsic efficacy, proposing that efficacy was a product of the intrinsic efficacy of the drug
and the population of active receptors. This proposition continues to be advocated in contemporary
pharmacology. A noteworthy corollary to this proposition is the idea of spare receptors for a given response.
Thus, a drug might be a full or partial agonist under selected conditions, depending on whether there are a
sufficient or insufficient number of receptors to mediate a full response. Strong empirical support for this
view of drug efficacy has come from studies with irreversibly-acting antagonists (see below) and has
strengthened the corollary of spare receptors.

OPIOIDS AND EFFICACY

Comparisons of the efficacy of agonists across procedures that may predict therapeutic and, separately, adverse
effects of a drug can be a useful strategy in medications development. For example, the effects of morphine-
like opioids have been compared in thermal antinociception studies to predict analgesic effects and in drug

discrimination experiments to predict abuse potential. In both procedures, increases in stimulus intensity are
thought to increase the efficacy requirement, i.e., the number of receptors that need to be activated for an
agonist effect. When the temperature of the thermal stimulus in the antinociception assay was increased,
morphine and other opioids with moderate or high efficacy at the mu-opioid receptor continued to exert a
maximum effect whereas lower efficacy drugs, such as pentazocine and nalbuphine, became inactive.
Similarly, pentazocine and nalbuphine substituted fully for a low training dose of morphine and only partially
for a 10-fold higher training dose in drug discrimination procedures, indicative of low agonist efficacy.

Another approach to the assessment of relative efficacy has been to down-regulate the mu-opioid receptor
population either functionally, by inducing tolerance and cross-tolerance, or physically, by administering a
ligand that binds to the receptor irreversibly (e.g., the opioid antagonist -funaltrexamine). In both types of
experiments, the apparent efficacy of opioid drugs was lower in producing antinociceptive effects than
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morphine-like discriminative stimuli. Evidence such as this suggests that morphine-like opioids have higher
apparent efficacy in animal models predictive of abuse potential than therapeutic (analgesic) effect, If this same
efficacy relationship applies in humans, it may be difficult to develop new mu-opioid analgesic agents that
lack abuse potential. ~ Moreover, abuse-related effects of mu-opioid agonists are likely to persist under
conditions that diminish therapeutic activity, such as drug tolerance.

PSYCHOMOTOR STIMULANTS AND EFFICACY

Cocaine and related stimulant drugs act as indirect dopamine agonists by increasing levels of synaptic
dopamine, and the development of therapeutics has been aimed at the receptor-mediated effects of dopamine as
well as the indirect actions of stimulants. One benefit of the first approach is the possibility that, as in the
treatment of addiction to opioid drugs, differences in agonist efficacy can be exploited to develop different types
of medications. Recent evidence, primarily from observational studies and from studies of the rate-altering,
discriminative-stimulus, and reinforcing effects of drugs in monkeys, confirms this possibility. Thus, D1
agonists with high efficacy (e.g., dihydrexidine or SKF 81297) appear to have behavioral effects that overlap,
but do not completely reproduce, those of cocaine or methamphetamine. Like psychomotor stimulants, these
drugs produce dose-related increases in visual checking in observational studies and may substitute at least
partially for cocaine or methamphetamine in drug discrimination experiments. Unlike cocaine and other
psychomotor stimulants, however, D1 agonists do not increase lever pressing under fixed-interval schedules and
may maintain i.v. self-administration behavior under relatively restricted conditions. The incomplet.e overlap
in behavioral effects of D1 agonists with high efficacy and stimulant drugs may be a favorable profile of
action in treatment programs employing substitution strategies to treat cocaine or other stimulant abuse.

D1 agonists with low efficacy appear to have behavioral effects that differ qualitatively from those of D1 high-
efficacy agonists and are comparable to those of dopamine D1 receptor blockers. Both D1 receptor blockers and
low-efficacy agonists decrease activity and, at doses that markedly disrupt normative behavior, can
surmountably antagonize the behavioral effects of psychomotor stimulants such as cocaine or
methamphetamine. However, ongoing studies are indicating that D1 agonists with presumably intermediate
agonist efficacy may surmountably antagonize behavioral effects of stimulants at doses smaller than those that
markedly disturb behavior. These are exciting findings that suggest it may be possible to develop D1 partial
agonists with a pragmatically desirable separation between therapeutic actions and compliance-limiting (e.g.,
adverse) effects.

On a different tack, differences in apparent efficacy of indirect dopamine agonists at the dopamine transporter
have been proposed to account for differences in the degree to which various dopamine uptake inhibitors
produce effects like those of cocaine. It has been suggested that indirect agonists with limited efficacy at the
dopamine transporter may function like partial agonists and prevent the full effects of cocaine, while acting as
weak stimulants. Though a second messenger system has not been identified for the inhibition of dopamine
uptake, the manner in which compounds inhibit dopamine uptake could vary, resulting in differences in their
effectiveness. As one example, binding of an uptake inhibitor with the transporter could alter the cycle time of
the transporter with different cycle times producing effects of varying magnitude. Despite its attractiveness, the
postulation of partial agonists at the transporter is not well supported by experimental evidence. In vitro,
virtually all uptake inhibitors completely inhibit uptake at the highest concentrations, and none exhibit a
plateau at less than 100% inhibition. Some investigators have analyzed the ratio of K| values for binding to
the dopamine transporter and ICs, values for dopamine uptake inhibition, reasoning that a compound with a
relatively high ICs, value might function as an antagonist at the dopamine transporter (the so-called “dopamine-
sparing cocaine antagonist”). Unfortunately, ratio values are typically provided without statistical indications
of significance, making them especially difficult to compare and interpret. Because compound potencies (and,
therefore, ratio values) can vary among assay conditions, and because binding studies are conducted at
equilibrium and uptake studies are not, these types of comparisons are tenuous, at best. To date, compounds
with high ratio values have not been unambiguously distinguished from those with low ratio values with
regard to their pharmacology.
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In contrast to in vitro approaches, studies employing in vivo procedures have provided results more consistent
with the notion of differences in intrinsic efficacy among dopamine uptake inhibitors. For example, studies on
extracellular dopamine levels in brain have suggested that the selective dopamine uptake inhibitor GBR12909
may be a partial agonist and, thereby, a functional cocaine antagonist. In behavioral studies, a variety of
compounds have been assessed for their effects on dopamine uptake, using doses that produced equivalent in
vivo dopamine transporter occupancy. The degree of locomotor stimulation showed an appreciable variability
across drugs. Conversely, others have reported that doses of several uptake inhibitors produced comparable
stimulant effects at different levels of transporter occupancy. Because of the different relations between
dopamine transporter occupancy and effects for various uptake inhibitors, these results suggest that there are
differences in efficacy among the dopamine uptake inhibitors.

Interpreting these in vivo results, however, must be done cautiously. The dose-effect curve for stimulation of
locomotor activity is bitonic with maximal effects generally occurring at intermediate doses. The inflection of
the curve is often attributed to the emergence of high-dose effects that interfere with the expression of
locomotor activity and that may be mediated by different mechanisms. In this case, different relative potencies
for stimulant and interfering effects among the particular compounds may result in apparent differences in their

effectiveness as stimulants. A lesser maximal effect may simply represent greater relative potency for
producing interfering effects rather than differences in efficacy. This type of apparent difference in efficacy may
occur with any complex behavior, including drug discrimination and self administration.  Therefore,

conclusions regarding differences in intrinsic efficacy must be made cautiously. In all cases, the specific

criteria of partial agonism (see below) should be satisfied before considering alternate interpretations such as
indirect dopamine agonism or partial agonism.

BENZODIAZEPINES AND EFFICACY

Clinically-used benzodiazepines, which may induce dependence even at therapeutic doses, act as full efficacy
(full agonist) positive allosteric modulators of the actions of GABA at several GABA, receptor subtypes.
More recently-developed compounds bind to the same sites, but may act selectively or with partial agonist
properties. For example; the mixed (full/partial) agonist abecamil, like benzodiazepines, has anxiolytic and
anticonvulsant effects; unlike benzodiazepines, it is without muscle relaxant effects and produces little
sedation. One explanation for such a profile of action is that abecamil acts as a partial agonist at some

benzodiazepine receptor subtypes and as a full agonist at other subtypes. Whether a benzodiazepine receptor
ligand acts at a particular GABA receptor subtype is partly dependent on the isoform making up the receptor.

Classical benzodiazepines such as diazepam bind with similar affinity to receptor subtypes containing 1, 2,
3, and 5 isoforms and with low affinity at 4- and 6-containing subtypes. Abecamil shows higher
affinities for l-containing receptors than for the other subtypes; equally importantly, abecamil may
additionally act as a full agonist at certain receptors but a partial agonist at others. Consistent with this view,
studies of the ability to potentiate GABA-induced chloride currents in frog oocytes expressing 1 1 2, or
5 1 2 subunit combinations reveal an efficacy of abecarnil similar to diazepam in the former, but less than
diazepam in the latter. Both abecarnil and non-selective agonists like bretazenil have shown reduced
dependence liability in animals studies. In one study, mice were treated for 12 days with 6 mg/kg/12 hr of the

benzodiazepine alprazolam and subsequently for 7 additional days with either vehicle, abecarnil (6 mg/kg/day)

or the same dose of alprazolam. When treatments were terminated mice that had received alprazolam for 12 or

19 days showed seizures, increased muscle tone and anxiety. Abecarnil prevented withdrawal signs in mice that

had received chronic alprazolam and no withdrawal signs were observed when daily administration of abecarnil
was terminated. These experiments indicate that a compound which acts as a mixed full/partial agonist at a
subpopulation of benzodiazepine receptors may give rise to a profile of cross tolerance different from that of a
nonselective benzodiazepine, and may prevent the occurrence of withdrawal following chronic treatment with a
benzodiazepine. Nevertheless, clinical experience with the partial and/or selective agonists in terms of their
ability to produce withdrawal effects or to treat benzodiazepine withdrawal has been mixed. Alpidem given
together with a reduced dose of benzodiazepine during withdrawal exacerbated symptoms, though this may
reflect methodological rather than conceptual problems. Using a different design, parallel to that used in
animal experiments, abecarnil was found to be useful in weaning mildly dependent patients off
benzodiazepines.
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PARTIAL EFFECTS IN DRUG DISCRIMINATION AND EFFICACY

Because of its pharmacological specificity and sensitivity, drug discrimination constitutes a powerful tool to
characterize in vivo agonist and antagonist properties of compounds. Some compounds, however, neither fully
substitute for nor completely antagonize the training drug, but produce intermediate responding. It is helpful
to assume initially that such an outcome results from low efficacy actions at the receptors that mediate the
discriminative stimulus effects of the training drug. This hypothesis can be examined further in several ways.
One approach is to examine whether a compound that produces intermediate responding when given alone,
partially antagonizes the training drug. Another is to vary the apparent sensitivity of the discrimination by, for
example, varying the training dose, training to discriminate the training dose from a lower dose of the training
drug, noncontingent administration of doses higher than the training dose, noncontingent administration of an
antagonist of the training drug, or by using different reinforcement contingencies during drug and saline
training sessions.

In experiments in animals trained to discriminate opioids from saline, some of these approaches were used to
compare the intermediate responding produced by partial opioid agonists, such as cyclazocine, with that
produced by phencyclidine (PCP)-like N-methyl-D-aspartate antagonists, such as dizocilpine.  Unlike
cyclazocine, the effects of dizocilpine were not consistent with characterization as a low efficacy agonist at
opioid receptors. Further, dizocilpine produced intermediate responding not only in opioid-trained animals, but
also in a variety of pharmacologically unrelated drug discriminations. This intermediate responding was
frequently associated with a particular pattern of other behavioral effects (i.e., a high percentage of responses on
the non-selected lever, both before and after lever selection occurred, and a long selection latency) that differed
from patterns observed with drugs that likely produce intermediate responding by partial agonist actions. Thus,
the intermediate responding produced by PCP-type drugs often appears to involve pharmacological effects that
differ from those of the training drug, and behavioral mechanisms unrelated to stimulus generalization.
Although efficacy at the receptors that mediate the discriminative stimulus effects of the training drug has been
shown to explain many of the instances of intermediate responding in drug discrimination, certain outcomes,
exemplified by those obtained with PCP-type drugs, are less readily accommodated. Such outcomes do not
appear to offer valid measures of efficacy at the receptors mediating the discriminative stimulus effects of the
training drug, and require behavioral analyses that are more detailed than those that are commonly used.

SUMMARY AND CONCLUSIONS

The term EFFICACY may be used in various ways to describe sometimes unrelated phenomena. For
example, clinical efficacy refers to the therapeutic potential of drugs, irrespective of mechanism. Agonist

efficacy, as discussed here, refers to the ability of a drug to initiate a response after binding to a receptor;
agonist efficacy and clinical efficacy can be, though arc not necessarily, related. On a cellular level, it is now
clear that, in some systems, receptors exist in at least two different states. Different states can influence the
coupling of drugs and receptors; moreover, receptors can change from one state to another, thereby altering the
likelihood that particular drugs will bind to them. The relative affinity of a drug for different conformations of
the same receptor type in a given system may partly determine apparent efficacy, i.e., whether a drug acts as

agonist, antagonist or, perhaps, partial agonist. The basic notion that the actions of agonists can vary in a
predictable manner across conditions, though exceedingly complicated when evaluated in vivo, has been

instructive for understanding the relative importance of agonist efficacy in pharmacologic effects of a variety of
drugs, including drugs of abuse. The central issue is what can the notion of efficacy tell us about drug

dependence and how can it facilitate the development of medications for treatment of drug dependence. An
underlying premise of this paper has been that rational, empirically-guided development of new medications for
the treatment of drug abuse necessitates that the mechanism of action of the abused substance be well
characterized.
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The importance of gender differences has been highlighted by the recent focus on women and health and the
NIH initiative to include women in research. We have become increasingly aware that we can no longer study
a population of solely men 2nd generalize the findings to women. This symposium clearly demonstrated that
the women may respond differently to drugs of abuse. Gender differences occur in responsivity to drugs on a
cellular level, on subjective and behavioral levels, and in response to pharmacological treatments. This
symposium explored the up-to-date scientific findings on gender differences in response to nicotine, cocaine and
sedatives. It also examined the role of gender in co-morbid disorders among substance abusers.

Dr. Kenneth Perkins presented a review of results from nicotine replacement trials that indicates that nicotine
gum or patch appears to be less effective in. women than men (Perkins 1996). One possible explanation is that
nicotine intake may be less reinforcing in women vs. men, while non-nicotine aspects of smoking may be
more reinforcing. Recent research suggests that nicotine self-administration is less robust in women, nicotine
pre-loading has less effect in attenuating smoking in women, and women may be less sensitive to the
discriminative stimulus effects of nicotine. In contrast, women may be more responsive to other stimuli
accompanying smoking (taste, smell, etc.). These findings are consistent with research from the field of
psychophysiology reliably showing that women are less accurate than men in detecting physiological changes
(i.e. interoceptive stimuli). If additional research confirms this sex difference, nicotine replacement may be less
warranted in the treatment of women, while interventions to counter other reinforcing aspects of smoking may
deserve greater attention.

Cocaine research on gender-related differences has also found reduced response to cocaine in females compared
with males. Previous results have shown that cocaine is more toxic to male rats and in ovariectomized female
rats (Selye 1971; Morishima et al. 1993), and estradiol administration protects male rats from toxicity (Selye
1971) and reduces cocaine toxicity in female rats (Rapp et al. 1979). Other evidence showing reduced effects of
cocaine in females include cocaine self-administration paradigms in which female rats reach higher breakpoints
than male rats, particularly during estrus (Roberts et al. 1989). These findings may be due to lower plasma
cocaine levels observed in females compared to male rats (Rapp ef al. 1979). Dr. Scott Lukas conducted a
study to determine if there are sex-related differences in humans as well. The sample was comprised of seven
healthy male and seven healthy female volunteers, each who used cocaine on the average of six times per year.
Male subjects attended two visits during which time they received placebo cocaine and 0.9 mg/kg of intranasal
cocaine. Females were given the same doses but during the follicular and luteal phases of their menstrual
cycle, resulting in four visits. The results from this study showed that the male subjects achieved a higher
plasma cocaine level than females and experienced more intense behavioral effects than females. However, the
females experienced similar cardiovascular effects as the males. Possible mechanisms for these sex differences
include a reduced absorption of cocaine due to increased nasal mucosa thickness/viscosity in females,
particularly when estrogen levels are high (Taylor 1961) or higher levels of cholinesterase activity in females
(Sidell and Kaminskis 1975). Both of these mechanisms would result in reduced levels of cocaine in women
compared to men. Because the women achieved similar increases in heart rate, but at much lower plasma
cocaine levels, they may be more sensitive to the cardiovascular effects of cocaine.

Few epidemiological studies of abuse or therapeutic use of benzodiazepines attempt to address questions about
sex differences. It is not known whether acute responses to benzodiazepines are different between men and
women. Recent basic science research demonstrates that ovarian hormone metabolites and benzodiazepines may
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share receptor sites in the CNS (Majewska 1986) and therefore fluctuations in ovarian hormones might
influence the pharmacodynamic response to benzodiazepines in women. Moreover, hormones might influence
the pharmacokinetics of benzodiazepines. For example, it has been found that clearance of some
benzodiazepines is slower in women compared to men (Greenblatt et al. 1980, Divoll et al. 1981). Ovarian
hormones have been implicated in this sex difference: low dose oral contraceptives delay elimination of several
benzodiazepines (Abemethy et al. 1982, Stoehr e al. 1984) and women who use oral contraceptives are more
sensitive to the psychomotor-impairing effects of benzodiazepines (Kroboth et al. 1985). Few studies have
investigated whether the hormonal changes across the menstrual cycle influence responses to benzodiazepines or
other drugs. Drs. Margaret Rukstalis and Harriet de Wit examined pharmacokinetic and pharmacodynamic
responses to a short acting benzodiazepine, triazolam, at three hormonally distinct phases of the menstrual
cycle: follicular (6-8 days after menstruation); ovulatory (within 48 hours of the onset of LH surge); and luteal
(6-8 days after the onset of LH surge). They examined subjects’ responses in relation to their levels of
estradiol, progesterone and a metabolite of progesterone, allopregnanolone. Triazolam (0.25 mg po) or placebo
was administered in double-blind fashion to twenty non-smoking healthy normally-cycling female volunteers
aged 18-35. Dependent measures included a check list of subjective state, psychomotor tests, a visual analog
liking questionnaire, and plasma levels of drug collected over 12 hours. Triazolam increased subjective reports
of “feel drug” and impaired psychomotor performance but these effects did not vary across phases of the
menstrual cycle. Pharmacokinetic parameters of triazolam did not vary across the menstrual cycle. Therefore,
the physiologic concentrations of circulating ovarian hormones across the menstrual cycle did not significantly
influence the pharmacokinetic, subjective or behavioral responses to a low dose of the benzodiazepine
triazolam. The failure to find menstrual cycle differences may be due to the dose of triazolam that was used in
the study. Further research is needed to compare responses to psychoactive drugs in men and women to
determine whether clinically significant differences exist, including sex !differences in tolerance or
dependence/withdrawal.

Another area of importance with regard to gender difference in substance use disorders is that of psychiatric
comorbidity. A number of studies have commented on socioeconomic and psychological differences between
men and women in substance abuse treatment. There arc also clearly gender-specific differences in the societal
response to substance abuse in women which may be a contributing factor to any increased risk for
psychopathology. Studies have consistently reported more Axis I psychopathology in women substance users
as compared to men. In the current presentation by Dr. Kathleen Brady, gender comparisons in data collected
from 100 treatment-seeking substance users (50 men/50 women) were discussed. Women were more likely to
have another Axis I disorder (p<0.05), in particular anxiety disorders (p<0.05), but these differences were not
substantially different from gender differences in the general population for psychiatric disorder.

A number of studies, including this one, have found, however, that gender differences in psychopathology are
more pronounced in alcohol-dependent individuals than in cocaine or opiate dependent individuals (Rounsaville
et al. 1991; Rounsaville ef al. 1982). For example, alcoholic women in the current study were two times more
likely to have depression when compared to alcoholic men, while the rates of depression in cocaine dependent
men and women were approximately equal. It is difficult to say at this point whether these differences reflect
the differential pharmacologic activity of these drugs of abuse. Clearly this is an area ripe for further
investigation.

Another important area in the exploration of gender differences in the cormorbidity of substance use and
psychiatric disorder is in gender differences in order of onset of psychiatric disorder and substance use disorder
between men and women. Several studies (Dunne et al. 1993) including this one, demonstrate that in women
the psychiatric disorder is more likely to precede the substance use disorder than in men.

This suggests a possible gender-specific etiologic relationship between substance use disorders and psychiatric

disorder which could have important treatment implications. Further exploration of this important area is also
indicated.
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Dr. Cora Lee Wetherington, Women’s Health Coordinator at the National Institute on Drug Abuse, presented
drug use prevalence data from national surveys (National Household Survey on Drug Abuse and Monitoring the
Future) indicating that for some drugs the gender gap in drug use is quite large, for others the gap is quite
narrow, and for still others, there is no gender gap. She also presented survey data showing gender differences
in the consequences of drug abuse such as data from the DAWN survey showing discrepancies in the
male/female ratio of emergency room episodes and deaths, relative to the prevalence of male/female drug use.
The survey statistics raise questions about why any gender gaps occur at all. Dr. Wetherington cited
laboratory, field and clinical research that is beginning to suggest gender differences in the biological factors in
drug abuse, in the initiation and progression to drug use and abuse, the antecedents and consequences of drug
use and abuse, and prevention and treatment efforts. The existing research base on gender differences in drug
use is unfortunately quite small. It serves nevertheless to highlight the pervasive need for gender-based research
in all areas of drug abuse in order to ensure that research produces findings that are applicable to both males and
females.
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PRESYNAPTIC AND POSTSYNAPTIC NEUROCHEMICAL ALTERATIONS IN HUMAN
PSYCHOSTIMULANT ABUSERS

J.K. Staley and Y.L. Hurd.

Understanding the neurochemical basis and sequelae of psychostimulant abuse is fundamental for the
development of effective pharmacotherapies for the treatment of addiction. The classical psychostimulants
amphetamine and cocaine, both indirect-acting dopamincrgic agonists, elevate dopamine (DA) through distinct
interactions with the plasma membrane DA transporter. The resulting transient elevation of DA activates
feedback pathways and initiates a sequence of neuroadaptive alterations of pre- and postsynaptic neuronal systems
that mediates the psychotropic and reinforcing actions of psychostimulants. These compensatory neurochemical
alterations vary throughout the development of the drug addiction disorder and thus contribute to the vast
complexity of addiction. Considerable progress is currently being made in delineating the neurochemical
alterations that occur with chronic psychostimulant abuse through direct in vivo and postmortem neurochemical
studies of human psychostimulant abusers. This symposium highlights the adaptations of four neurochemical
systems in human cocaine abusers- DA, opioid peptides, gamma-amino-butyric acid and serotonin.

Robert T. Malison - SPECT Imaging of Pre- and Postsynaptic Dopamine Function in
Human Cocaine Abusers. Postmortem studies of cocaine overdose victims have suggested elevations in
striatal dopamine transporters (DAT) relative to healthy controls. Single photon emission computed
tomographic (SPECT) neuroreceptor imaging methods were used to examine whether striatal DAT are increased
in acutely abstinent (96 hr) cocaine addicts as compared to age-, gender- and ethnically-matched controls. Cocaine
dependent and healthy control subjects ( n = 11 per group; ages 32 £ 7 vs. 32 £ 8 yr.) were injected with 10
mCi ['*’I]3-CIT and imaged 24-30 hr later under sustained equilibrium conditions. The ratio of specific to non-
displaceable brain uptake (V3 = [striatal - occipital]/occipital), a measure proportional to the binding potential
(Bmax/Kp) was used as an outcome measure. Results showed significant elevations (mean 22 + 29%; range -26
to +56%) in striatal V3” values in acutely abstinent cocaine subjects compared to age- gender-, and ethnically-
matched controls (10.6 = 2.7 vs. 8.8 £ 1.8; p = 0.04, two-tailed paired t-test). These results are consistent with
post-mortem findings of elevated DAT number (Bmax) in cocaine overdose victims.

Based on these findings, we have since sought to clarify whether these changes in DAT would persist with
sustained abstinence from cocaine. Sixteen cocaine abusers (mean + SD age = 31 = 6 yr.; 5 F, 11 M) were
studied during periods of acute (< 72 hr) and sustained (2-4 weeks) drug abstinence. Subjects were injected with
10 mCi of ['*T)B--CIT and imaged at 24 hr post-injection under sustained equilibrium conditions. The specific
to nonspecific equilibrium partition coefficient (V3” = (striatum - occipital) / occipital), a measure proportional
the binding potential (Bmax/KD), was used for all comparisons. No significant within-subject differences in
V3” values were observed over time (week 0 = 10.3 + 2.2, n = 16: week 2 =9.8 £ 2.7, n = 12; week 4 = 9.0 +
2.0, n = 12; Effect of Week, p = 0.36 - 0.96, repeated measures ANOVA). Within subject comparisons of initial
(week 0) and final (week 2 or 4) V3” values were similarly negative (10.3 + 2.2 vs. 9.7 £ 2.2, n = 16; mean =
0.7 £ 2.1; p = 0.24, paired t test). Nevertheless, elevations in V3” decreased in their level of statistical
significance over time (p = 0.002, 0.07, and 0.18, respectively) relative to healthy controls (V3” =82 £ 1.5; n
= 23). Dopamine transporter binding appears to remain elevated in chronic cocaine abusers during early periods
(i.e. 2 - 4 weeks) of sustained drug abstinence. In remains a possibility that DAT elevations may only gradually
normalize with more prolonged drug-free intervals (i.e. > 4 weeks).

Jon Kar Zubieta - Dopamine and Opioid Alterations in Human Cocaine Abusers: PET
Studies. 1t is well accepted that the behavioral actions of cocaine are mediated through the dopaminergic
system. In addition, opioid systems also may play a role in its reinforcing actions. For example, in
experimental animals the opioid antagonist naloxone attenuates the reinforcing and locomotor effects of acute
cocaine administration; short-term cocaine administration increases both enkephalin and dynorphin mRNA;
chronic “binge pattern” treatment with cocaine in experimental animals has been observed to elicit increases in p
and x opioid receptor densities in a number of brain regions. Mu opioid receptor binding in chronic cocaine
abusers was examined in vivo , using [''C] carfentanil (CFN) and PET, shortly after withdrawal and again after
4 weeks of supervised abstinence.
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Ten male cocaine abusers (age 32 + 4 yrs, mean = SD.) and seven age- and sex-matched controls (age 32 + 6
yrs) were scanned with a GE 4096 PET camera after i.v. administration of 20 £ 2 mCi ["'C]CFN. Cocaine
abusers were studied twice: after chronic use, 1-4 days after last cocaine binge, and again after 4 weeks of
withdrawal in a closed unit Specific ["C]CEN binding was significantly increased (range 25-52%) in caudate,
thalamus and neocortical regions of the cocaine addicts compared with healthy controls (unpaired, two-tailed t-
test, p > 0.05). Self-rated cocaine craving was significantly correlated with p-opioid binding in amygdala,
anterior cingulate, frontal and temporal cortex (r=0.63, 0.71, 0.72, 0.73, respectively, p < 0.05). Mu receptor
availability was also associated with the recent use of cocaine: p receptor binding correlated negatively with
urine levels of the cocaine metabolite benzoylecgonine in multiple brain regions (range of correlations, r = -0.52
to -0.83). The upregulation of p receptors persisted after 4 weeks of withdrawal. These data suggest that chronic
cocaine abuse is associated with increase p-opioid receptor binding, which correlates with the intensity of
cocaine craving and persists even after prolonged withdrawal. Recent cocaine use also appears to be associated
with increased release of endogenous opioid and increased receptor occupancy. The results demonstrate the
involvement of the opioid system in cocaine addiction. In this regard, p-opioid receptors appear to be associated
with the experience of craving for cocaine in humans, after acute withdrawal of the drug. Further studies are
necessary to explore the involvement of the opioid receptor sites in cocaine addiction, and the clinical
significance of these interactions.

Stephen Dewey - Opioid and GABAergic Modulation of Dopamine Release: PET and In

Vivo Microdialysis Studies. Positron emission tomography (PET) has been shown to be useful for non-
invasively measuring interactions between functionally-linked neurotransmitter systems in the human and
primate CNS. Studies in our laboratory continue to focus on the application of this technique to questions of
clinical relevance, including cocaine abuse. While recent work from our laboratory and others has been targeted
at the development of new drugs that effectively compete with cocaine at the dopamine transporter (DAT), we
have taken a different approach based upon our PET findings with the neurotransmitter interaction paradigm.
Rather than administer drugs that directly compete with cocaine at the DAT, we have examined the effects of
drugs (ethanol and various GABAergic and opioid drugs) that potentiate other dopamine-inhibiting
neurotransmitters on cocaine-induced dopamine release. Our data demonstrates that naloxone, Gamma-vinyl
GAB A (GVG, a selective inhibitor of GABA-transaminase), and lorazepam, dose dependently attenuate cocaine’s
ability to increase extracellular dopamine and gross locomotor activity. Furthermore, these data demonstrate that
while sedative hypnotic drugs working on the GABAergic system (i.e., ethanol and lorazepam) clearly attenuate
cocaine-induced dopamine release in the nucleus accumbens, the sedative and addictive properties of these drugs
limit their utility as effective treatments for cocaine abuse. The GABA-transaminase inhibitor GVG, however,
exerts its effects by directly inhibiting the catabolism of synaptic GABA thereby effectively increasing
GABAergic tone. Due to this specificity, the side effects, such as sedation, which are associated with drugs that
augment binding of the GABA-receptor complex are not observed. Furthermore, GVG is not an addictive drug.
Thus by specifically increasing the concentration of the naturally occurring neurotransmitter, rather than
potentiating neurotransmission, GVG offers a unique strategy for potentially treating the neurochemical
consequences of cocaine abuse with a minimum of side effects. These findings support further investigation into
the use of this unique strategy for attenuating increases in extracellular dopamine concentrations following
cocaine administration. Current studies investigating the ability of these drugs to attenuate cocaine self-
administration are ongoing as well. This research was carried out at Brookhaven National Laboratory under
contract DE-ACO02-76CH00016 with the U. S. Department of Energy and supported by its Office of Health and
Environmental Research and supported by the National Institutes of Mental Health (MH-49165) and NARSAD.

Michael H. Baumann - Neuroendocrine Responsiveness to Serotonergic Drug Challenge
During Cocaine Withdrawal. Increasing preclinical evidence indicates that chronic cocaine alters central
serotonin (5-HT) function. For example, several investigators have shown that neuroendocrine effects elicited
by 5-HT releasing agents (i.e. fenfluramine) are blunted in rats withdrawn from repeated cocaine injections.
Such findings are intriguing because (1) withdrawal from binge cocaine use in human is accompanied by
symptoms that resemble major depression and (2) abnormalities in 5-HT transmission are implicated in the
pathophysiology of depression. In the present work, we used a neuroendocrine challenge approach to evaluate 5-
HT responsiveness in human subjects who self-administered intranasal cocaine in an in-patient research setting.
Male poly-substance abusers (n = 8) participated in two daily self-administration sessions for 5 consecutive days.
At each session subjects snorted either cocaine (96 mg cocaine) or placebo (4 mg cocaine), with cocaine being
presented in a double-blind randomized fashion at one of the daily sessions. Cortisol and prolactin responses to
cocaine or placebo were assessed on days 1 and 5 of the self-administration sessions. Subjects were challenged
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with fenfluramine (80 mg, p.o.) to assess 5-HT responsiveness 5 days before and 3 days after the cocaine
treatment regimen. Intranasal cocaine increased cortisol, but did not affect prolactin, on days 1 and 5.
Fenfluramine significantly elevated both cortisol (p < 0.01) and prolactin (p > 0.0001) prior to cocaine
exposure. Interestingly, the fenfluramine-induced cortisol response was significantly reduced (p < 0.05) after
repeated cocaine self-administration. The present results provide support for the notion that withdrawal from
chronic cocaine causes 5-HT dysfunction in human drug addicts. Although these data must be regarded as
preliminary, the assessment of 5-HT function in human cocaine users deserves further study. Determining the
neurobiological substrates of cocaine withdrawal may aid in the development of more effective treatment
strategies for cocaine dependence.

Julie K. Staley - Regulatory Alterations in the Molecular Signature of the Dopamine
Synapse in Cocaine Overdose Victims. Dade County, Florida serves as a gateway for the importation
of cocaine into the United States from source nations in South America. The large quantities of cocaine
transiting through Miami has resulted in one of the largest cocaine-epidemics in history exemplified by the high
incidence of cocaine fatalities Approximately 10% of all cocaine overdose (CO) cases present with the excited
delirium (ED) syndrome which is characterized by hyperthermia, paranoia, agitation, bizarre and violent
behavior. Radioligand binding and autoradiography methods were used to identify neuroadaptative changes in pre-
and postsynaptic dopaminergic (DAergic) markers in neuropathological tissue specimens from CO and ED
victims. Quantitative in vitro autoradiography using the radiolabeled analogs of cocaine, ['*I|RTI-55 and
[PHJWIN 35,428 demonstrated a 2-fold elevation in the apparent density of DA transporters throughout the
striatum in CO victims, but not ED victims as compared to drug-free and age-matched control subjects.
Saturation binding analysis of ["H]WIN 35,428 binding to putamen membranes demonstrated that in the CO
victims, the number of high affinity cocaine recognition sites was increased 5-fold , while the density of low
affinity cocaine recognition sites was not changed. Conversely, in the ED victims, the density of high affinity
cocaine recognition site was not changed, while the number of low affinity cocaine recognition sites was
decreased 2-fold as compared to the control group. The density of ['*Iiodovinyltetrabenazine binding to the
neuronal vesicular monoamine transporter was not different across cocaine overdose subgroups as compared to
drug-free and age-matched control subjects. The density of D, receptors measured using ["H] SCH 23390 was
decreased 2-fold throughout the striatal reward centers of both CO and ED victims as compared to the control
group. No alteration in [’H]raclopride binding to D, receptors was seen in the DA-rich sectors of the striatum

across groups. The density of D; receptors measured using [’H]-(+)-7-OH DPAT in the presence of GTP was
markedly elevated (2-3-fold) over the limbic sectors of the striatum in the CO victims but not the ED victims as
compared to drug-free and age-matched control subjects. Interestingly, in the anterior hypothalamic nuclei of the
ED cases, D, receptor densities were markedly reduced, while D; receptor number remained unaltered as
compared to drug-free and age-matched control subjects.

Since cocaine blocks the reuptake of DA, the increase in the apparent density of high affinity cocaine
recognition sites on the DA transporter may reflect an increase in DA transport as an acute compensatory
response to the elevated synaptic levels of DA. The lack of a compensatory increase in the high affinity cocaine
recognition site in the ED subgroup may result in elevated synaptic levels of DA following a cocaine “binge”
that may lead to the psychosis and paranoia associated with this syndrome. The lack of a change in the density
vesicular monoamine transporters in the striatum suggests that DA nerve terminal integrity remains intact after
chronic cocaine abuse. The long-lasting elevations in synaptic DA levels that result from the blockade of DA
reuptake result in regulatory adaptations in pre- and postsynaptic DA receptor numbers which may underlie the
behavioral and physiological effects of cocaine. Decreased D, receptor number may represent agonist (DA)-
induced down-regulation of the receptors and may mediate tolerance to cocaine’s euphoriant effects. The
neuroadaptive increase in Dy receptor density in the brain reward circuits suggests that regulatory alterations in
D; receptor number may, in part contribute to the reinforcing effects of cocaine that lead to drug craving and
relapse. The selective down-regulation of the D,-like receptors in the anterior hypothalamic nuclei in the ED
victims may contribute to the hyperthermia associated with excited delirium and sudden death. Hypothalamic
D,-like receptors mediate decreases in core body temperature, while D; receptors mediate the opposing increase
in core body temperature. The decreased number of D, receptors may promote hypertheimia via a D; -mediated
rise in core body temperature that is unopposed by a D,-mediated feedback regulation. These regulatory
adaptations in the DA synaptic markers may contribute to the development of cocaine dependence, and the
adverse behavioral sequelae associated with chronic cocaine abuse. Supported by DA 06227 and DA 09494,
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ANTIBODY- AND PROTEIN-BASED THERAPIES FOR DRUG ABUSE
S. M. Owens' (Chair), P. R. Pentel ? (Co-chair), J.R. Cashman and K.D. Janda®

1Department of Pharmacology and Toxicology, University of Arkansas for Medical
Sciences, Little Rock, AR; 2Department of Medicine, Hennepin County Medical Center,
Minneapolis, MN; *Seattle Biomedical Research Institute, Seattle, WA; 4Scripps Research
Institute, La Jolla, CA.

Symposium overview. Abuse of psychoactive chemicals can result in neurotoxic effects that are difficult
to treat medically. Successful therapy is often hindered by the lack of useful antagonists for many of these
chemicals and by the extensive distribution of these chemicals out of the blood stream. Recent advances in
immunotherapy and protein-based therapies suggest these novel approaches could be beneficial in the treatment
of drug abuse.

P. R. Pentel: ANTIBODY ENGINEERING FOR THERAPEUTIC APPLICATIONS

Drug-specific antibodies, which bind drugs with high affinity and specificity, are of interest as novel therapies
for drug abuse. Drug-specific antibodies bind and inactivate drug in serum, and reduce drug distribution to
target tissues. When administered to animals after an overdose, drug-specific antibodies can redistribute drug
out of tissues and rapidly reverse toxicity. Although the large amounts of antibody needed to accomplish this
may themselves be toxic, the use of enzymatically produced antibody Fab fragments, genetically engineered Fv
fragments, or small peptides that mimic the antibody binding pocket offer means of rationally designing agents
that are less toxic, more effective, and have suitable pharmacokinetic properties.

Drug-binding antibodies may also be useful in the treatment of chronic drug abuse. In animals immunized
against drugs such as heroin or cocaine, drug distribution to the brain is reduced, as is drug effect. The total
amount of drug-specific antibody present in an immunized animal is small compared to the typical molar dose
of an abused drug; whether the beneficial effect of immunization is surmountable by repeated dosing or
increasing the drug dose is not yet clear.

Catalytic antibodies can be produced that mimic the actions of drug metabolizing enzymes, and thereby enhance
drug clearance. Because drugs that are smoked or administered i.v. reach the brain within minutes, the activity
of catalytic antibodies will have to be very high in order to appreciably alter drug effect and not be
surmountable by increasing the drug dose. Novel strategies will be needed to produce such high activity
catalytic antibodies.

Supported by NIDA grant P50-DA09259 and NIMH grant MH42799

J. R. Cashman: COCAINE CATALYTIC ANTIBODIES

Cocaine abuse is implicated in more medical complications and deaths that any other prohibited chemical agent.
For example, cocaine overuse is associated with more emergency department visits and more deaths than any
other drug of abuse. It is apparent that cocaine use among polydrug abusers, presumably occurring at ever
higher doses via intravenous injection or by smoking, constitutes an increasingly more toxic situation. New
strategies for preventing the toxicity and abuse of cocaine are needed and novel approaches employing modem
molecular biology techniques are required to develop treatment for cocaine overdose. The approach presented
here is the use of catalytic antibodies in the creation of selective binding agents and detoxification catalysts for
use in the emergency room setting under the direction of a physician. The central hypothesis of the work is
that a “transition state mimic” hapten of cocaine hydrolysis can elicit an immune response that affords anti-
cocaine catalytic esterolytic activity. Procurement of a highly catalytically active monoclonal antibody will
provide a means to determine the sequence of an animal’s anti-cocaine catalytic antibody. Current advances in
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humanization of catalytic antibodies could then be used to humanize a cocaine hydrolytic detoxification
catalysts. The net result is to design and develop a cocaine detoxification catalyst by using biochemical
principles.  The procurement of anti-cocaine catalytic antibodies provides an opportunity to develop
fundamental applications in molecular biology of direct relevance to drugs of abuse research that may be of
benefit in treating human cocaine toxicity.

Supported by NIDA grant DA08531

K. D. Janda: ACTIVE IMMUNIZATION SUPPRESSES PSYCHOACTIVE EFFECTS OF
COCAINE

Cocaine is a powerful addictive substance and new strategies are needed to treat its abuse. Despite intensive
efforts, there are no proven medications for treatment of cocaine craving and addiction.
Immunopharmacotherapy offers an alternative for addressing the cocaine problem. Early work demonstrated
that antibodies specific for certain drugs were useful in the attenuation of their effects. It has also been shown
that catalytic antibodies could degrade cocaine in vitro but the rates of the reaction must be improved to be of
practical value. Perhaps the ultimate goal in an immunological approach aimed at the abatement of cocaine
abuse is the de novo design of a vaccine. Recently, we took steps in this direction bringing together
immunochemist and a well-defined behavioral model and demonstrated the suppression of the psychoactive
effects of cocaine. In this context, the design and synthesis of two stable cocaine conjugates were discussed.
Active immunization with these antigens was able to suppress the locomotor activity and stereotyped behavior
in rats administered cocaine. In addition, this protocol has been examined as a potential treatment in cocaine
relapse prevention. These studies suggest that immunopharmacotherapy offers a non-toxic, substance-specific
strategy that should not affect the normal neurochemical physiology.

Supported by NIDA grant number DA08590
S. M. Owens: IMMUNOTHERAPY FOR PHENCYCLIDINE ABUSE

Abuse of psychoactive chemicals like phencyclidine (PCP) can result in neurotoxic effects that are difficult to
treat medically. Successful therapy is often hindered by the lack of useful antagonists for many of these
chemicals and by the extensive distribution of these chemicals out of the blood stream. As a possible solution,
immunotherapy for PCP abuse was evaluated using high affinity anti-PCP monoclonal antibody fragments
(anti-PCP Fab). The effectiveness of the therapy was evaluated through an extensive series of interrelated
pharmacokinetic, behavioral and tissue distribution studies in a rat model of PCP overdose.  The
pharmacokinetic studies showed that when anti-PCP Fab is administered after PCP is fully distributed in the
rats, it can quickly bind the drug and radically decrease the volume of distribution of the highly lipophilic PCP.
In behavioral studies, the anti-PCP Fab rapidly reverses PCP-induced behavioral effects and ataxia. Indeed, the
animals appear to return to normal behavior within 10 min of treatment. In studies of PCP tissue distribution
after anti-PCP Fab treatment, the anti-PCP Fab decreased PCP concentrations in the brain by 90% within 10
min of treatment. These findings suggest a promising role for immunotherapy in the treatment of central
nervous system-mediated chemical toxicity and drug abuse in humans.

Supported by NIDA grant DA07136 and Research Career Award DA K020110
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PREVALENCE, PROJECTIONS AND POLICY
P. Reuter

University of Maryland, College Park, Maryland

BUILDING A POLICY RELEVANT DRUG INDICATOR SYSTEM
Pat Ebener
RAND, Santa Monica, California

For more than 20 years, various Federal agencies in law enforcement, health, and other fields have sponsored
data collection efforts that produce indicators of the nation’s alcohol and other drug abuse problems. While
these data collection efforts have generated a considerable amount of information, there has been little
coordination among agencies, and thus the data overlap in some cases and in others have failed to capture
information on important subpopulations and important aspects of drug related harm. In addition, different and
seemingly inconsistent findings can be inferred from these data because the various indicator systems were
designed for different purposes, focus on different populations, and often use different measures of drug abuse
problems.

The need to adapt and modify existing data systems to meet new demands has heightened over the past several
years as Congress, Federal agencies, and State legislatures around the country have called for greater rationality
in the allocation of resources and greater accountability in the expenditure of public dollars for alcohol and
other drug intervention programs. These mandates have also begun to shift the emphasis on data development
away from prevalence indicators toward indicators of need for treatment and outcomes of interventions. Ever
more systems are being added.

The purposes of the current research are 1) to analyze both the problems and untapped potential for existing
data to be used more creatively in exploring drug policy issues; and 2) to suggest guidelines and a conceptual
framework for identifying and evaluating data needs and analyses that will effectively support substance abuse
policy at the Federal, State and local level. We recommend that data needs be explored within a systems
perspective and conclude by listing key challenges and opportunities facing those charged with developing drug
indicators.

REFERENCES
Ebener, P.; Caulkins, J.; Geschwind, S.; McCaffrey, D. and H. Saner. Improving Data and Analysis to
Support National Drug Abuse Policy Santa Monica, CA., RAND, 1994

DIFFICULTIES IN MATCHING POLICIES TO THE EPIDEMIC CYCLE: THE
CURRENT HEROIN UPSWING

Mark Kleiman

University Of California At Los Angeles

The popularity of abusable psychoactives follows a somewhat predictable cyclic pattern: introduction, rapid
spread, narrowing and deepening of the market, decline, quiescence, reintroduction. An ideal set of policies
would be matched to phases, of the epidemic cycle. Policies directed at reducing initiation, such as
enforcement and the distribution of primary prevention messages through the schools and in the mass
communications media, ought to be concentrated in drugs whose rates of initiation are rising, while treatment
efforts should be heaviest once a drug is past its peak. Secondary and tertiary prevention, and harm-reduction
education, ought to be concentrated near the peaks in initiation.
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Implementing such an ideal prescription runs into two distinct kinds of difficulties: problems of institutional
management and problems of prediction. Resources are hard to move from drug to drug or from activity to
activity, and drug trends are hard to spot, at least in part because existing data collection and analysis efforts
produce largely lagging, rather than leading or coincident, indicators of initiation rates.

Heroin provides an illustration. The price of heroin, adjusted for purity and inflation, has fallen by almost an
order of magnitude over the past decade; in some cities, it is cheaper per intoxicated hour than cocaine or beer.
Higher purity and lower price make smoking and snorting technically and economically feasible for many
users for whom fear of injection once constituted a high barrier to heroin initiation. Enforcement officials
report major increases in retail-level heroin distribution, with many crack dealers beginning to carry heroin as
a second product. References to heroin permeate popular culture, and there are widespread anecdotal reports of
increased use of the drug in social milieux where it had been vanishingly rare. Yet none of the conventional
drug abuse data systems -- the two national surveys, DAWN, or DUF -- provides any solid support for the
notion that heroin use has been rising.

There are two separate explanations for this apparent paradox. First, national indicators tend to mask highly
localized phenomena. Second, rising purity and falling price tend to decrease the rate of adverse consequences
among existing heavy users, and thus offset any increases in arrests or emergency room visits or deaths caused
by increasing prevalence. Improving data collection and analysis could provide better leading-indicator data.

But identifying trends will remain difficult. The resulting uncertainty puts a premium on interventions worth
implementing when the probability of a major upswing is far from unity.

MODELING THE OPTIMAL MIX OF PUNISHMENT AND TREATMENT FOR DRUG
CONTROL

C. P. Rydell

RAND, Santa Monica, California

Treatment of heavy cocaine users is many times more cost-effective in reducing cocaine consumption than the
best supply-control program, given the current allocation of funds across program types, and could cut United
States consumption by as much as a third if extended to all heavy users. These findings are documented in
Rydell and Everingham, 1994.

The study compares four methods of reducing cocaine consumption in the United States. The first three
(source country control, interdiction, and domestic enforcement) are supply-control programs that reduce
consumption indirectly by punishing drug suppliers, thereby causing the retail price of cocaine to increase, and
hence causing drug use to decrease. The fourth (treatment) reduces consumption directly by decreasing the
number of drug users. Source country programs eradicate coca leaf and seizes coca base, cocaine paste, and the
final cocaine product in the producing nations (primarily Peru, Bolivia, and Columbia). Interdiction by the
U.S. Customs Service, Coast Guard, Army, and Immigration and Naturalization Service seizes both cocaine
and drug-trafficker assets before the contraband enters the United States. Domestic enforcement by Federal,
State, and local law enforcement agencies seizes cocaine and assets and imprisons drug dealers and their agents.
Treatment of heavy drug users includes both outpatient and residential programs.

Evaluating these alternative control programs requires comparing their effects as well as their costs. But
supply-control and treatment programs produce different kinds of immediate results. This research compares
them by identifying a common measure - the annual program cost required to reduce U.S. consumption of
cocaine by a given amount. The lower the cost, the more cost effective the program. The research shows that
treatment of heavy users outperforms all three supply-control programs. The specific estimates in the study
are that U.S. cocaine consumption can be reduced by one percent by spending an additional $34 million per
year on treatment. To achieve the same effect we would have to spend annually an additional $250 million for
domestic law enforcement against drug dealers, or $370 million for interdicting the drug at our borders, or
$780 million to help foreign governments cut supplies at the source. This does not, however, mean that all
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money now spent on supply control could more effectively be spent on treatment. There are limits to how
many heavy users can be induced to undergo treatment and how often they can be induced to do so. If all
heavy users could be treated once each year (which is unlikely), the average reduction in cocaine consumption
over the next 15 years would be about one-third. The cost of this expansion in treatment would be about
one-fourth of the current supply-control budget. Thus, this research by no means suggests that deep cuts in
supply-control are advisable. However, it does suggest that, at the margin, money available for cocaine
control would be better spent on expanding treatment of heavy users than on extending supply-control
programs.

REFERENCES

Rydell, C. P. and Everingham, S. Controlling Cocaine: Supply Versus Demand Programs. Santa Monica:
RAND, 1994.

ASSESSING THE EQUITY OF THE SUBSTANCE ABUSE AND MENTAL HEALTH
BLOCK GRANT FORMULA

Peter Reuter

University of Maryland, College Park, Maryland

With Congress shifting to block grants as the principal means for distributing federal moneys to the states, the
question of how equitably the distribution formulae allocate will come into sharper focus. Burnam et al., 1996
examined the formula for distribution of the Substance Abuse (SA) and Mental Health (MH) block grant
(involving approxiamately $1.2 billion in FY95), which has been the subject of considerable discussion and
amendment over the last 15 years. The SAMH formula is a relatively sophisticated by current federal standards;
it incorporates more variables and has a more explicit research and analytic base than many other BG formulae.
Nonetheless it probably substantially fails to accomplish its goals, for both conceptual and empirical reasons.

Conceptually, the formula is flawed in ways that may lead it to exacerbate rather than ameliorate differences
among states, because it ignores three factors: (1) The federal government’s distribution of other money for
both substance abuse and mental health; (2) The distribution of private insurance funding for the same services;
and (3), the fact that the funding goes almost exclusively to services for the poor. The implementation
problems are also serious and illustrate nicely the empirical problems faced by such formulae. (1) Data are
simply not available on the population distribution of some of the problems targeted (e.g. serious emotional
disorders among adolescents). (2) The formula incorporates incomplete analysis of dated data series. (3) Some
series critical to the formula are available only with a long lag, so that annual distributions are likely to be
judged, retrospectively, as inequitable. (4) Multiple targets are awkwardly handled within a single formula.

The SAMH allocation formula has been a moving target, driven in large part by increasing sophistication of
relevant data and analysis that has exposed the weaknesses of whatever is the current formula. The fact that
some state always, correctly, believes that a revision of the formula to incorporate newer findings would be to
its advantage is probably the essential instigating process. Underlying this is also the problem that there is no
“correct” allocation formula. It must reflect changing views about equity and knowledge of the beneficiary
populations. Our continuing investment in data and research on substance abuse and mental health is arguably
a major factor in the instability of the formula; that is not an argument against such investments (which are
modest enough) but an appreciation of yet another unintended consequence.

REFERENCES
Burnam, M. A.; Reuter, P.; Adams, J.; Palmer, A.; Model, K.; Heilbrunn, J.; Marshall, G.; McCaffrey, D.;
Wenzel, S. and R. Kessler Review and Evaluation of the Substance Abuse and Mental Health Services Block

Grant Forrmula Santa Monica, CA., RAND 1996
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BEHAVIORAL AND PHARMACOLOGICAL INTERVENTIONS FOR PREGNANT
SUBSTANCE ABUSERS L. Amass', R. EIK’, D. Svikis’, S. Schnoll, R.E. Johnson’ &
L.P. Finnegan’ University of Toronto', University of Texas HSC at Houston’, Johns
Hopkins University School of Medicine®, Virginia Commonwealth University", &
National Institutes of Health’

Drugs and alcohol use during pregnancy increases obstetrical complications, poses significant maternal and fetal
health risks and is a prevalent problem in drug abuse treatment. As reviewed below, behavioral and
pharmacological interventions can help reduce drug and alcohol use during pregnancy and improve outcomes for
drug-dependent pregnant women and their children.

CONTINGENCY MANAGEMENT INTERVENTIONS IN THE TREATMENT OF
COCAINE-DEPENDENT PREGNANT WOMEN R. Elk. This study determined whether
contingency management interventions (CMI), as adjuncts to a behaviorally-based gender-sensitive treatment,
would improve outcomes in cocaine-dependent pregnant women. Methods. Cocaine-dependent pregnant
women were randomly assigned to one of 3 treatment groups: Group A: Baseline Treatment + CMI for cocaine
abstinence [$18 for each cocaine-free UA, and an additional reinforcer [$20] if all 3 UAs required per week were
cocaine-free]; Group B: Baseline Treatment + CMI for cocaine decrease and abstinence [$12 for each UA with a
decrease in cocaine-metabolite; $18 for each cocaine-free UA, and an additional reinforcer [$20] if all 3 UAs
required per week decreased in cocaine or were cocaine-free.]. Group C: Baseline Treatment alone (Control
group). Results. Treatment Retention: Significantly more patients in the 2 CMI groups completed
treatment (69%) compared with those in the control group (31%) [p=0.027]. Compliance with Prenatal Care:
There was a very high rate of compliance with prenatal care (75%) across all groups. Compliance with prenatal
care was associated with retention in treatment. ~Among patients who completed treatment, there was a
significantly higher rate of compliance in the 2 contingent groups than in the control group [p=0.067]. Cocaine
Abstinence During Treatment: There was a higher rate of cocaine abstinence in Group A, although this
abstinence rate did not reach statistical significance. There was also a higher rate of abstinence from cocaine in
patients who remained in treatment. Cocaine Abstinence at delivery: A higher proportion of patients in Group
A were cocaine free at birth (75%) compared with patients in the other two groups (45% abstinent). Perinatal
Outcome: Significantly more patients in Group A (75%) had none of 4 risk factors [preterm delivery, low birth
weight, preterm labor, premature rupture of membranes] compared with 27% of patients in the other 2 group
[p=0.09]. Conclusion. Adjunctive CMIs arc effective in enhancing treatment retention and compliance with
prenatal care, initiating cocaine abstinence, and improving rates of perinatal outcome. These behavioral
treatments can be adapted to, and are effective in, the treatment of pregnant cocaine-dependent women.

EFFECTIVENESS OF BEHAVIORAL INCENTIVES FOR MOTIVATING TREATMENT
PARTICIPATION IN PREGNANT DRUG ABUSING WOMEN D. Svikis, N. Haug,

and M. Stitzer. The Center for Addiction and Pregnancy (CAP) is an interdisciplinary “one stop
shopping” program proving drug treatment, OB/Gyn care, and pediatric services at a single site. Nonetheless,
many pregnant women discontinue treatment prematurely with the highest rates of drop out occuring upon
transfer from residential to intensive day treatment. This study determined whether behavioral incentives
improve patient participation and treatment retention during the first seven days after transfer from residential to
outpatient care. Methods. Women were primarily opioid- (80%) and/or cocaine- (84%) dependent. Over half
(58%) of opioid-dependent women qualified for and elected to receive methadone maintenance as a therapeutic
adjunct. Subjects were randomly assigned to one of four incentive conditions: $0 (standard care); $1 per day; $5
per day or $10 per day. Vouchers were earned each day the subject attended at least four hours of treatment
programming and were dispensed in the form of gift certificates. Results. The impact of voucher incentives
on treatment participation and retention were examined separately for methadone-maintained (N=66) and non-
methadone maintained (N=76) women. During the incentive week: 1) methadone-maintained subjects attended
significantly more full treatment days (5.2) than non-methadone maintained subjects (2.8);2) due to high base
rates of program attendance, voucher incentives had no effect on treatment participation for methadone-
maintained subjects; and 3) for non-methadone maintained subjects, higher magnitude incentives ($5/10) had a
modest effect on treatment participation and retention relative to low magnitude incentives ($0/$1) (3.3 versus
2.3 full days attended during the incentive week). Conclusion. The present study confirmed that methadone

59



maintenance is a powerful therapeutic adjunct which is associated with significantly better treatment
participation and retention. The study also found that behavioral incentives can facilitate treatment participation
and retention for abstinence-based patients.

FINANCING VOUCHER PROGRAMS FOR PREGNANT SUBSTANCE ABUSERS
THROUGH COMMUNITY DONATIONS L. Amass. A promising contingency management
approach is to create a voucher-based economy in which patients earn vouchers contingent on drug-free urines
that they can exchange for goods and services. However, a drawback of voucher programs is their cost. This
presentation discussed the fund raising techniques for, feasibility of, and cost-benefits of establishing a
community-sponsored on-site voucher exchange for use in a contingency management program for pregnant drug
users (The Pregnant and Clean Project or Project PAC). In Project PAC, pregnant patients receive vouchers
contingent on the demonstration of drug abstinence by urinalysis. Vouchers are redeemable at an on-site
exchange containing a variety of products and services. The on-site exchange is unique because it is funded and
stocked entirely by community donations. Methods. A direct mail fund raising campaign was used to solicit
donations from 198 corporations, manufacturers and local retailers. In addition, local volunteers were solicited
through posters, word-of-mouth and electronic mail advertising. Components of the campaign included
selecting goods and serviced to stock in the voucher store, identifying and targeting potential sources of
community sponsorship, constructing an effective donation request package, and carefully planning follow-up to
our direct mail. Seven categories of goods and services were targeted for donations: baby accessories, baby
clothes, toys, maternity wear/products, diapers, entertainment/recreation and equipment. Active fund raising
occurred during a 2-month period. Results. The positive response rate obtained over the next 8-months for
corporate sponsorship was 19%. The following groups comprised our positive respondents: 53% were
manufacturers, 34% were local attractions/restaurants and 13% were local retailers. In addition, 120 women
volunteered to produce and donate hand-made baby and maternity items. The total retail value of all goods and
services donated to the program (including taxes) totaled approximately US$8,000. Goods were donated to the 7
categories (based on their dollar value) in the following percentages: 49% to entertainment/recreation, 19% to
toys, 13% to baby clothes, 9% to maternity wear/products, 4% to equipment, 3% to baby accessories and 3% to
diapers. Conclusion. These data demonstrate the feasibility of community-sponsored voucher programs.
Such community sponsorship may offer a cost effective alternative for financing voucher programs for substance
abuse treatment and ultimately increase their use and acceptance by the general treatment community.

CHEMOTHERAPY FOR THE TREATMENT OF ADDICTION DURING PREGNANCY S.
H. Schnoll. Methadone is the only drug available for pharmacotherapy of pregnant opioid-dependent women
and has been used for over 25 years. However, there is a paucity of literature regarding the intrapartum use of
methadone and its effects on pregnancy and fetal well being. Animal studies of opioid exposure in pregnancy
demonstrate that rapid cycling between intoxication and withdrawal has adverse consequences on fetal
development and can lead to fetal demise. These studies support the clinical use of long-acting opioids to
stabilize the fetus. However, numerous studies show that prenatal exposure to drugs in animals results in
alterations in brain chemistry and physiology. The significance of this for humans is currently unknown.
Human studies are quite limited. Research has demonstrated that methadone metabolism is accelerated during the
third trimester of pregnancy. To compensate for this change in metabolism, the dose of methadone may need to
be increased during this period. However, subsequent studies have demonstrated that splitting the dose of
methadone may provide more consistent blood levels. The effect of maternal methadone on neonatal withdrawal
is still not well understood. Lower doses of methadone must be tempered with the potential increase in illicit
drug use and involvement of other behaviors that could be risky for the mother and fetus. Despite this long
history of methadone use, little information is available on the determination of the initial dose to be utilized in
a pregnant woman and how to adjust the dose to assure the best outcome. In addition, little information is
available regarding the metabolism of methadone during the first and second trimesters and precisely when the
metabolic changes occur that may require alterations in dosing schedules. Given the lack of studies on the
intrapartum effects of methadone and pregnancy and the recent availability of new drugs to treat opioid
dependence, it is imperative to begin to carefully study methadone in pregnant women so that comparisons can
be made with the efficacy of newly available drugs to determine which would be best for the treatment of opioid
dependence during pregnancy.
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USE OF BUPRENORPHINE IN PREGNANT OPIOID-DEPENDENT PATIENTS

R. E. Johnson, D. Jasinski, and D. Svikis. Five to 10 thousand infants are born annually to opiate-
dependent mothers.  Neonates of heroin-dependent and methadone-maintained mothers generally exhibit
significant abstinence syndromes following birth and often require intensive and extended medical treatment
when compared to non-drug exposed infants. The neonatal withdrawal syndrome from methadone is reported to
be more severe than that from heroin. The severity of withdrawal from methadone has been reported by some to
be dose related. Others have found no dose relationship. Reduction or elimination of the neonatal opiate
withdrawal syndrome would reduce: 1) emotional and physiologic stress in the neonate and 2) health care costs.
Several laboratory studies report little or no autonomic signs and symptoms of withdrawal following the abrupt
termination of chronically administered buprenorphine in adults. In premature neonates (27-32 weeks),
buprenorphine is reported to be safe but possibly less effective than other opiates in producing analgesia and
sedation. It has also been reported that four females maintained on buprenorphine throughout their pregnancy
had normal pregnancies and deliveries with no or minimal withdrawal observed in the neonates. However, no
systematic studies have been conducted to assess the safety of buprenorphine in pregnant females at dose levels
(4-16 mg sublingual) studied in clinical trials assessing buprenorphine maintenance therapy. We hypothesize
that: 1) buprenorphine is safe for both the pregnant opiate-dependent female and fetus, and 2) the buprenorphine
exposed neonate will experience a shorter and milder withdrawal syndrome than observed with methadone. We
are currently screening potential patients to participate in a study is to assess the safety of buprenorphine in the
pregnant opiate-dependent woman and fetus during weeks 24-42 of gestation and to evaluate the neonate for
opiate withdrawal symptoms following delivery. Maternal and neonatal safety outcome measures will be
evaluated during the antepartum, labor/delivery, and post partum periods. Additional outcome measures include:
neonatal withdrawal symptomotology, medications to treat the neonatal abstinence syndrome, and maternal and
neonatal pharmacokinetic parameters. A randomized, double-blind clinical trial comparing buprenorphine to
methadone will follow the safety study.

DISCUSSION L. P. Finnegan. The NIH and FDA recognize the need to research interventions catering
to the special needs of women. Programs with the potential to enhance recovery and reduce recidivism in
pregnant substance abusers are needed. Dr. Elk’s and Svikis’s comprehensive programs for drug-dependent
pregnant women highlight the need to provide an array of services at one site. Dr. Elk demonstrated that adding
a contingency management intervention improves treatment retention, abstinence and perinatal outcome.
Conducting a cost-benefit evaluation of this intervention is an important and exciting area for future research.
Dr. Svikis investigated the effectiveness of behavioral incentives for motivating treatment participation and
retention. Vouchers enhanced retention more effectively for abstinence-based as opposed to methadone-
maintained patients, underscoring methadone’s usefulness in retaining patients in treatment. Larger magnitude
incentives also promoted better retention. The above two studies demonstrate that behavioral interventions
improve outcomes and are useful adjuncts in the treatment of pregnant drug-dependent women. Dr. Amass’
pursuit of techniques for reducing the cost of voucher programs, and the establishment of a community-
sponsored, on-site voucher exchange is extremely innovative. The categories of donations targeted were clearly
gender specific and moreover, specific to women in the perinatal period. Since funding for substance abuse
services has always been limited, community sponsorship is an excellent way to provide contingency
management interventions in a non-cost prohibitive fashion. This creative approach should be replicated in
other communities. Dr. Schnoll gave an excellent overview on methadone treatment during pregnancy, clearly
illustrating that the benefits of providing methadone during pregnancy override the risk of neonatal abstinence.
Studies on methadone withdrawal and blood levels in pregnant women would also benefit from concurrent
biophysical evaluations and more research on methadone dosing during pregnancy is needed. Finally, the
opportunity to explore the benefits of new medications is exciting. Dr. Johnson’s systematic approach for
studying buprenorphine will provide considerable information about its safety for both the mother and the fetus.
Buprenorphine’s potential for decreasing the incidence or eliminating neonatal abstinence is of utmost
importance. This single factor could provide better acceptance of pharmacotherapy for pregnant opioid-dependent
women. Lastly, behavioral and pharmacological interventions can help decrease the number of drug-dependent
women in future generations and hopefully improve outcomes for these women and their offspring.
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MECHANISMS OF ABUSED DRUGS: CONCORDANCE BETWEEN LABORATORY ANIMAL AND
HUMAN STUDIES

K. L. Preston; G. E. Bigelow; L. H. Brauer; W. A. Corrigall; K. A. Cunningham; H. de Wit; L. A. Dykstra; A.
J. Goudie; C.-E. Johanson; J. E. Rose; and S. L. Walsh

NIDA Intramural Research Program, Baltimore, MD (KLP), Department of Psychiatry and Behavioral
Sciences, Johns Hopkins University School of Medicine, Baltimore, MD (GEB, SLW, KLP), Duke
University, Department of Psychiatry (LHB and JER) and VA Medical Center (JER), Durham, NC,
Addition Research Foundation, Toronto, Canada (WAC), Department of Pharmacology, University of
Texas Medical Branch, Galveston, TX (KAC), Department of Psychiatry, University of Chicago, Chicago,
IL (HDW), Department of Psychology, University of North Carolina, Chapel Hill, NC (LAD), Department
of Psychology, University of Liverpool, Liverpool, U.K. (AJG), Department of Psychiatry, Wayne State
University, Detroit, MI (CEJ)

The neurochemical mechanisms of action of abused drugs have been studied extensively in laboratory animals
and to a lesser extent in humans. The goal of the symposium was to present the findings of human and non-
human studies in order to examine the degree of correspondence in the results of the studies across species and
the similarities and differences in the methods used to study drug effects in humans and non-humans. The
degree of correspondence between human and non-human findings has important implications for the validity
and generalizability of studies using animals and may raise important theoretical questions or provide important
practical insights regarding the interpretation of results. Data were discussed regarding the
neuropharmacological mechanisms of four drug classes: amphetamine; cocaine; opiates; and nicotine.

RECEPTOR MECHANISMS OF AMPHETAMINE STIMULUS PROPERTIES IN NON-HUMANS
AND SUBJECTIVE EFFECTS IN HUMANS

L. H. Brauer; A. J. Goudie; and H. de Wit

Results of drug discrimination studies suggest that dopamine mediates the interoceptive effects of amphetamine
in laboratory animals. D2 agonists mimic the discriminative stimulus effects of amphetamine in animals and D1

and D2 antagonists block them. The discriminative stimulus effects of drugs in animals are often assumed to

parallel their subjective effects in humans, including their euphorigenic effects. However, few studies have
directly explored the role of dopamine in the euphorigenic or other subjective effects of amphetamine in humans.
Studies that have measured subjective responses to amphetamine after pretreatment with dopamine antagonists
have produced mixed results. Studies with subjects who abuse amphetamine have shown that ratings of
amphetamine-induced euphoria are decreased by some antagonists, but not others. In contrast, studies with
normal volunteers have generally failed to show an effect of dopamine antagonists on euphorigenic or other
responses to amphetamine. There are several possible reasons for the discrepant results between animal and
human data, and between drug abusers and normal volunteers. Possible methodological reasons include
differences in drug use history, amphetamine dose, antagonist dose, and dosing regimen. Possible theoretical
reasons include differences in the inferences that are made from different procedures. Future studies with both
animals and humans should attempt to evaluate the influence of the methodological differences between studies,

and should carefully examine the assumptions made in extrapolations between drug discrimination studies in
animals and subjective effects assessments in humans.

SEROTONERGIC MECHANISMS OF COCAINE EFFECTS IN NON-HUMANS AND HUMANS
S. L. Walsh and K. A. Cunningham

Review of the current literature suggests that general enhancement (via precursor administration) or depletion of
brain serotonin (5-HT) content (via neurotoxin administration or tryptophan depletion) impacts the reinforcing
and subjective effects of cocaine in a manner suggesting that 5-HT plays an overall inhibitory role in these
behavioral effects. Selective 5-HT reuptake inhibitors (SSRIs) enhance the discriminability of cocaine and
decrease cocaine self-administration in rodents while studies in humans suggest that SSRIs attenuate the
subjective effects of cocaine in humans. Unfortunately, attempts to design more definitive analyses of the
potential involvement of 5-HT receptor subtypes in the stimulus, reinforcing and subjective effects of cocaine
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have been hampered by the paucity of selective agonists and antagonists available for the myriad of 5-HT
receptors. Compounds (e.g., Ru 24969) that act as 5-HT1B agonists enhance the discriminative stimulus effects
of cocaine in rats although selective 5-HT1A compounds are relatively inactive in this regard. Although few
drugs with selectivity for 5-HT2 receptors have been studied systematically, 5-HT2 agonists show some efficacy
in attenuating the stimulus effects of cocaine while 5-HT2 antagonists reduce to some extent the reinforcing
effects of cocaine in rats. Limited data from humans suggest that 5S-HT2 antagonists may decrease the subjective
effects of cocaine; thus, 5-HT2 compounds deserve further attention. The majority of studies evaluating the 5-
HT3 antagonists have reported negative results across all paradigms. In summary, while the functional
significance of 5-HT receptors has not been fully elucidated, these data suggest that changes in serotonergic
activity can impact the effects of cocaine in both animals and humans under a variety of experimental conditions.
A commonality among the studies with positive findings is that cocaine effects are only partially modified by 5-
HT agents regardless of the direction of change.

RECEPTOR MECHANISMS OF AGONIST-ANTAGONIST OPIOIDS IN NON-HUMANS AND
HUMANS

L. A. Dykstra; K. L. Preston; and G. E. Bigelow

Data from studies of the discriminative effects of various opioids in laboratory animal and human subjects
indicate considerable cross-species generality in the discriminative stimulus effects of opioid agonists. Both
laboratory animals and humans can discriminate the presence or absence of opioid agonists, and the resulting
discriminations show dose dependency and pharmacological specificity. Laboratory animals can be trained to
discriminate among opioid agonists that are selective for mu and kappa opioid receptors. In drug discrimination
studies in a number of laboratory animal species, the mixed-action opioids butorphanol and nalbuphine exhibit
partial mu agonist activity: they substitute for mu agonists when administered alone and antagonize
discrimination of full mu agonists when administered as pretreatments. Butorphanol and nalbuphine rarely
substitute for selective kappa agonists; and only modest (very low efficacy) kappa agonist activity has been
demonstrated. In contrast, human subjects discriminate butorphanol and nalbuphinc as mu agonist-like under
two-choice training conditions (mu agonist vs. saline) but discriminate them as different from mu agonists when
a non-mu, non-saline discrimination response is available. The subjective effect profiles of butorphanol and
nalbuphine also suggest both mu and non-mu agonist activity. These non-mu effects have been attributed to
kappa agonist activity, though no selective kappa agonists or antagonists have been available for human use to
confirm this hypothesis. Thus, there is agreement among studies in laboratory animal and human subjects that
butorphanol and nalbuphine exhibit partial mu agonist activity and some apparent kappa activity, but less
agreement on the extent of their kappa receptor activity. Their relatively lower apparent kappa activity in animal
studies may result from comparison to reference drugs with greater intrinsic kappa activity than is the case in
human studies. If correct, this interpretation suggests that observed animal-human differences in the
classification of opioids with respect to kappa receptor activity may reflect procedural rather than biological
differences.

RECEPTOR MECHANISMS UNDERLYING NICOTINE SELF-ADMINISTRATION IN NON-
HUMANS AND HUMANS

W. A. Corrigall and J. E. Rose

Studies of nicotine self-administration in animal and human subjects are discussed with respect to the behavioral
paradigms employed, the effects of nicotine dose manipulations and nicotinic agonist/antagonist pre-treatment,
and the role of neurochemical processes mediating reinforcement. Animal models have focused on intravenous
nicotine self-administration, while most studies in human subjects have studied cigarette smoking behavior.
Despite procedural differences, data from both animal and human studies show an inverted-U function relating
nicotine dose to self-administration behavior, with maximal rates of responding occurring at intermediate doses
of nicotine. Moreover, nicotine supplementation via non-contingent nicotine administration suppresses nicotine
self-administration behavior in both animal models and human cigarette smokers. Nicotine antagonist treatment
also reduces responding, although human studies usually find a transient increase in smoking, which is
interpreted as an attempt to compensate for nicotinic receptor blockade. Amongst the neurochemical systems
which have been examined, most emphasis has been given to dopamine. The mesolimbic dopamine pathway has
been implicated in nicotine reward based on animal studies, and research with humans suggests a role for
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dopaminergic processes as well. However, dopaminergic blockade appears to increase cigarette smoking
behavior in humans while it attenuates nicotine self-administration in animals. Future research should exploit
the complementary aspects of animal models and human paradigms to provide a coherent understanding of
nicotine reinforcement. Animal models allow for analysis of anatomical and physiological mechanisms
underlying nicotine self-administration; human studies validate the relevance to tobacco dependence and

smoking cessation treatment.

ACKNOWLEDGMENTS

Supported in part by NIDA Grants: 5-RO1-DA0266517 (JER); DA 10029 (SLW); DA06511 and DA00260
(KAC); DA02812 (HDW); K05-DA00050 and RO1-DA04089 (GEB); KO05DAO00033 and R37-DA02749

(LAD);

Addiction Research Foundation of Ontario (WAC); and by the NIDA Intramural Research Program (KLP).

64



FURTHER CHARACTERIZATION OF A NOVEL CLASS OF NICOTINIC RECEPTOR
ANTAGONISTS

L. P. Dwoskin; M. I. Damaj; D. D. Allen; L. H. Wilkins; and P. A. Crooks

College of Pharmacy, University of Kentucky, Lexington, KY; Medical College of
Virginia/Virginia Commonwealth University, Richmond, VA; Laboratory of Neuroscience,
NIH, Bethesda, MD

Over the past ten years, there has been a substantial increase in the understanding of brain nicotinic receptors at
the molecular level. The structural/functional diversity of these receptors may allow for the development of
nicotinic-receptor, subtype-selective agonists and antagonists. The present study investigated the structure-
activity relationships (SAR) of pyridine-N substituted nicotines (NIC), constituting a novel class of antagonist.
The SAR for analogue-induced inhibition of NIC-evoked [3H]d0pamine (DA) release from rat striatal slices and
for displacement of t3H]NIC binding from rat striatal membranes was used to probe the interaction with the
332 and ot4B:2 receptors, respectively. S(-)N- Octylnicotinium iodide (NONI) was a potent (IC50=1.3uM) and
efficacious antagonist of NIC-evoked DA release. Antagonist potency in the DA release assay was correlated
with N-alkyl chain length, up to nine carbons. NIC surmounted the antagonism, suggesting a competitive
receptor interaction. In the [3H]NIC binding assay, all analogues tested displaced binding. S(-)N-
Decylnicotinium iodide (NDNI) competitively displaced [3H]MC binding and was the most potent (Ki=70 nM)
of the analogues. The lack of correlation between inhibition of MC-evoked DA release and displacement of
[3HJ]NIC binding suggests that different nicotinic receptor subtypes are involved. Evaluation of analogue-
induced inhibition of MC-induced antinociception in the mouse tail-flick assay (probing the ot4B2 receptor)
revealed that NDNI was a potent (AD50=0.77 pg/mouse, i.t.) and efficacious antagonist, whereas NONI was
ineffective. Despite the polar nature of NONI and NDNI, results indicated that they may access the CNS via the
choline transporter at the blood-brain barrier. Thus, structural modification of the NIC molecule by pyridine-N
substitution converts it from a potent agonist into a potent and efficacious antagonist, and NONI and NDNI may
be subtype-selective antagonists.
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A PARAMETRIC STUDY OF INTRAVENOUS NICOTINE SELF-ADMINISTRATION BY
HUMANS AND SQUIRREL MONKEYS

S. R. Goldberg and J. E. Henningfield

Preclinical Pharmacology Laboratory and Clinical Pharmacology Branch, NIH, NIDA,
Division of Intramural Research, P.O. Box 5180, Baltimore, MD

Nicotine was studied as a reinforcer of operant behavior in human volunteers and nonhuman primates (squirrel
monkeys). Every 10th press of a lever produced an i.v. injection of nicotine, paired with a light and tone
(humans) or a light (monkeys). Each injection was followed by a one min timeout, and daily sessions lasted 3
hr (humans) or 100 min (monkeys). With monkeys, saline and doses of 3, 10 and 30 pg/kg/inj of nicotine were
each tested for several sessions. With humans, two levers were available during each session; responding on one
lever produced injections of 0.75, 1.5 or 3 mg/inj of nicotine while responses on the second lever produced
saline injections. In both humans and monkeys, nicotine injections maintained higher rates of responding than
saline injections in most subjects, but overall rates of responding were very low. In order to determine whether
higher rates of responding would be maintained at different schedule parameters, the length of the timeout after
each injection and the number of responses required to produce each injection were varied. Increases in both
response requirement and timeout duration produced marked increases in rates of responding with maximal
overall rates of responding during periods when drug was available exceeding one response per second in both
humans and monkeys. In contrast, rates of responding maintained by saline injections remained very low.
Thus, intravenous injection of nicotine was an effective reinforcer of self-administration behavior in both
humans and nonhuman primates when studied under controlled laboratory conditions.
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MECAMYLAMINE BLOCKS POSITIVE AND NEGATIVE BEHAVIORAL EFFECTS OF
IV NICOTINE IN HUMAN SUBJECTS.

L. H. Lundahl; S. E. Lukas; and J. E. Henningfield

Alcohol and Drug Abuse Research Center, McLean Hospital/Harvard Medical School,
Belmont, MA, NIDA ARC, Baltimore, MD

The ganglionic blocker mecamylamine has been shown to block the positive behavioral effects of IV nicotine,
including elevated liking scores and estimates of dose strength. However, blockade of negative effects has not
been reported in the literature. The effects of mecamylamine on subjective responses to IV nicotine were
evaluated in seven healthy male volunteer cigarette smokers who provided informed consent and resided on the
Clinical Pharmacology Research Unit of the ARC. On four separate days, each subject was administered a
different dose of mecamylamine (placebo, 5, 10, or 20 mg). One hour later subjects received the first of four
doses of IV nicotine (placebo, 0.75, 1.5, and 3.0 mg), followed by injections at one-hour intervals, in a
double-blind, placebo-controlled design.  Subjective drug responses were collected 15 minutes prior to
mecamylamine and at 10 and 45 minutes post-injection. Paired comparisons indicated that mecamylamine
significantly decreased scores on the MBG Scale of the ARCI at all nicotine doses. Subjects reported
pleasurable effects following 0.75 mg of nicotine and aversive effects following 3.0 mg of nicotine, both of
which were significantly blunted by mecamylamine. Mecamylamine also significantly attenuated the dose-
related decrease in both tobacco and cigarette craving following 3.0 mg of nicotine. By blocking both the
positive and negative effects of IV nicotine, mecamylamine may be useful as an adjunct to nicotine
replacement treatment, possibly resulting in fewer side effects and thus, greater treatment success.
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DISCRIMINATIVE STIMULUS, SUBJECTIVE REPORTS AND VIGILANCE EFFECTS
OF NICOTINE IN HUMANS

T. Duka; C. Russell; and S. Attfield
Laboratory of Experimental Psychology, University of Sussex, Brighton BN1 9QG, UK

There are several reports on drug discrimination in humans which have suggested that there is a close
relationship between results on the discrimination measures and measures of subjective effect. Discriminative
stimulus effects of nicotine were evaluated in humans using conventional behavioural drug discrimination
procedures. Moderate smokes (females; n=9) were trained on day 1 to discriminate placebo versus 2 mg
nicotine chewing gum. All subjects were able to reach criterion performance (at least 80% correct responses).
Generalisation responding across nicotine doses of 0 (placebo), 0.25, 0.5. 1 and 2 mg were then examined on
day 2 using a procedure in which subjects reported to what extent the test stimulus resembled the training dose.
At the end of each generalisation session subjects performed a vigilance task, which required them to detect a
visual stimulus out of a noise background. Subjects were able to distinguish the smallest dose (0.25 mg) from
placebo, but the degree to which the test dose resembled the training dose was dose related; same generalisation
responding has been obtained with a group of male subjects (n=8). In spontaneous reports subjects to
distinguish nicotine reflected change of taste, slight burning of the throat and were dose related but did not
correspond to the effects of nicotine on vigilance or in the discrimination procedure. These data indicate a
dissociation between subjective reports and the ability to distinguish the nicotine discriminative stimulus in
moderate female smokers. Furthermore, these data indicated that the discriminative stimulus effects of nicotine
correlates with its vigilance enhancing properties.
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CARDIOVASCULAR AND MOOD RESPONSES TO A QUANTIFIED DOSE OF
NICOTINE IN ORAL CONTRACEPTIVE USERS AND NONUSERS

C. L. Masson and D. G. Gilbert
Department of Psychology, Southern Illinois University, Carbondale, IL

The major aim of this study was to test the hypothesis that women who use oral contraceptives (OCs),
compared to nonusers of OCs have larger cardiovascular responses to two standard cigarettes (0.7 mg. FTC
nicotine delivery). Acute effects of a standard dose of nicotine on cardiovascular and mood responses in 12 OC
users and 12 nonusers were examined after overnight deprivation in two menstrual phases (early follicular and
mid-luteal). Each participant attended two experimental sessions in which they first sham-smoked and then
smoked two standard cigarettes via a quantified smoke delivery system. OC users exhibited larger nicotine-
induced increases in heart rate as compared to nonusers. Acute tolerance to nicotine was found for
cardiovascular measures of heart rate, systolic and diastolic blood pressure. A phase-by-time-by- status
interaction on systolic blood pressure demonstrated differential acute tolerance to nicotine; during the early
follicular phase nonusers of OCs demonstrated less acute tolerance to nicotine during the first 10 minutes
following the smoking of the second cigarette. Similarly, hormonal changes associated with the normal
menstrual cycle and OC use mediated nicotine-induced mood changes. Nonusers of OCs showed larger
reductions in anxiety following smoking as compared with OC users. A phase-by-dose-by-time interaction on
anxiety self-reports revealed a significant effect of dose and time during the mid-luteal phase of the menstrual
cycle. Taken together, these findings suggest that the female sex hormones mediate nicotine-induced mood and
cardiovascular changes. Evidence for cardiovascular hyperreactivity to nicotine in OC users may help to
explain the mechanisms by which smoking and OC use combined contribute to an elevated risk for coronary
heart disease.

PHARMACODYNAMIC EFFECTS OF COTININE

L. Schuhl’z; J. Henningﬁeldz; R. Fantz; w. Pickworthz; R. Rothman; D. Ohuohaz; and
R. Keenan®’

IWayne State University, Detroit, MI, NIH/NIDA IRP at the Addiction Research
Center, Baltimore, MD and ‘LecTec Corporation, Minnetonka, MN

The nicotine metabolite cotinine was administered to abstinent cigarette smokers to determine subjective,
physiological, and performance effects related to abuse liability and effects on tobacco withdrawal symptoms.
Volunteers participated in a five week, double blind, placebo-controlled, inpatient protocol. In four randomly
chosen weeks, they were tobacco abstinent for three days and received oral cotinine fumarate (0, 50, 100, or
200 mg) each morning during the abstinence period. The same dose was administered throughout the three day
nonsmoking period. In the remaining week, volunteers smoked ad libitum without medication. Results
(N=13) indicate tobacco abstinence increased self-ratings of withdrawal, including “depressed mood”, “craving”,
and urges to smoke for positive and negative reinforcement (Factors 1 and 2, respectively, on the Questionnaire
of Smoking Urges). Cotinine produced no dose-related changes on visual analog scales (VAS) of “drug
strength”, “any drug effect”, “good effects”, “bad effects”, “liking”, or “craving”. Cotinine significantly
increased ratings of “restless” and “impatience” on the Minnesota Tobacco Withdrawal Symptoms Checklist.
Cotinine produced dose related decreases in “depressed mood”. These results lend support to the notion that
cotinine is behaviorally active and could mediate certain components of nicotine dependence and/or the tobacco
withdrawal syndrome. The lack of effects on VAS suggests cotinine’s effects are subtle and its abuse potential
is low.
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EFFECTS OF NALTREXONE ON SMOKING AND ABSTINENCE
E. J. Houtsmuller; P. A. Clemmey; L. A. Sigler; and M. L. Stitzer
Johns Hopkins University School of Medicine, Baltimore, MD

Although there is evidence that the opioid system is involved in the rewarding effects of several drugs, it is not
clear whether this is the case for nicotine. Studies examining the effects of pharmacological opioid receptor
blockade on cigarette smoking have yielded conflicting results. Two studies reported a decrease in cigarette
smoking after administration of the opioid antagonist naloxone, while a third failed to find such a decrease.
The longer-acting opioid antagonist naltrexone was recently reported not to affect smoking, but to decrease
craving during abstinence. Since this could be a clinically important finding; the present study was designed to
further examine the effects of naltrexone on smoking and abstinence with emphasis on detecting anti-craving
effects during abstinence. Fourteen smokers completed a double-blind, placebo controlled, within-subjects
design study. Subjects received naltrexone (50 mg, p.o.) and placebo for four days each, with a 10 day wash-
out period between. Order of drug testing was counterbalanced. Subjects reported to the lab daily during each
medication phase. During the second visit of each phase, 30 min. ad lib smoking was analyzed using smoking
topography measures, and physiological and subjective responses to smoking were recorded. Subsequently,
subjects were required to abstain from smoking for 72 hours, and withdrawal symptoms and difficulty
abstaining were assessed daily. Nahrexone did not affect either smoking behavior or subjective responses to
smoking. During abstinence, total score on the withdrawal symptoms questionnaire did not differ between the
naltrexone and placebo condition. However, the individual withdrawal symptoms craving, urges to smoke,
restlessness and increased eating were all reduced by naltrexone (effects marginally significant, p=0.058-0.075).
Difficulty abstaining ratings did not differ between conditions. These findings suggest that naltrexone does not
affect smoking behavior, but may influence specific withdrawal symptoms during abstinence including drug
craving.
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NORTRIPTYLINE AND COGNITIVE-BEHAVIORAL TREATMENT OF CIGARETTE
SMOKING

S. M. Halll’z; V.IL Reusl; F. Muﬁozl; K L Seesl’z; G. Humﬂeetl; and S. Frederick'

1University of California, San Francisco and ’San Francisco Veterans Affairs Medical
Center, San Francisco, CA

Both cognitive-behavioral and antidepressant treatments may be helpful in treating cigarette smokers. Here we
present data on the entire sample of 199 subjects at three and six months posttreatment. It was hypothesized
that nortriptyline treatment would be differentially efficacious for subjects with a history of major depressive
disorder (MDD) in facilitating abstinence, as compared to subjects without an MDD history. Smokers of ten
cigarettes per day were randomly assigned to one of four conditions in a 2 X 2 factorial design: cognitive-
behavioral mood-management intervention versus standard health education treatment X nortriptyline versus
placebo. The present paper reports data from the nortriptyline arm of the study only. Nortriptyline treatment
took place during weeks 1-12. Initial nortriptyline dose was 50 mg. for all subjects, and was titrated to blood
levels known to be therapeutic for depression. Final dosage was usually between 7.5 and 100 mg./day. Using
self-reported abstinence corrected by carbon monoxide and cotinine verification, one-year continuous abstinence
rates were 12% for placebo subjects, and 24% for subjects receiving active nortriptyline (p<.05). Nortriptyline
blood levels predicted continuous abstinence (p<.02).
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ANALGESIA PRODUCED BY INTRACEREBROVENTRICULAR (ICV) INJECTION OF
MORPHINE IN AMPHIBIANS

K. Rothe-Skinner and C. W. Stevens

Dept. of Pharmacology, Oklahoma State University, College of Osteopathic Medicine,
Tulsa, OK

Throughout the past decade research exploring the systemic and spinal administration of opioids in amphibians
has shown comparable analgesic effect of these compounds in nonmammalian and mammalian vertebrates.
With much research attempting to elucidate the complicated patterns of opioid analgesia at spinal and
supraspinal sites, a simpler vertebrate model may be useful. It is not known whether non-mammalian
vertebrates also contain supraspinal sites mediating opioid analgesia. Thus, mu (morphine, fentanyl), delta
(DADLE, DPDPE) and kappa (U50488, CI977) opioid agents were tested for analgesia using the acetic acid
test in the grass frog, Rana pipiens. Drugs were given in a volume of 3 pl with a microsyringe at a depth of
2.5 mm into the third ventricle. Morphine had an ED50 value of 2.02 (0.9-4.5) nmol/frog. Concurrent
naltrexone (1 nmol) significantly blocked the analgesic effect of i.c.v. morphine. Naltrexone administered into
the spinal cord prior to i.c.v. morphine produced no effect on analgesia. ED50 values for the six agents ranged
from 1.3 to 61.5 nmol/frog with a rank order of potency such that DADLE > morphine > DPDPE > CI977 >
fentanyl > U50488. These results show that supraspinal sites mediate opioid analgesia in amphibians and
further validate the use of this adjunct or alternative model.

ACKNOWLEDGEMENTS:
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STUDIES ON THE ANTINOCICEPTIVE ACTIVITY OF DYNORPHIN A-(2-17)

A. Cowan and S. F. Rittenhouse
Department of Pharmacology, Temple University School of Medicine, Philadelphia, PA

Dynorphin A-(2-17) possesses antinociceptive and antiedematous properties in rodents (Hooke et al. 1995;
Thomas and Wei 1995). We have examined the antinociceptive activity of Dyn A-(2-17) against the persistent
pain provided by formalin in the mouse paw edema test. A positive result would be of great significance in the
enduring search for novel analgesics since this nonopioid peptide has no marked affinity for any of those
binding sites traditionally associated with transmission of pain signals (Dr. A. Goldstein, personal
communication). Dyn A-(2-17), morphine or saline was given i.v. or i.p. to male mice (25-30 g; n=6-10) 10
min before intrapaw injection of 0.02 ml of 5% formalin and the animals were observed, individually, for paw
licking 20 min later (for 10 min). The following A50 values were obtained: Dyn A-(2-17) = 1. 15 (0.59-1.71)
and 41.9 (22.5-61.4) umol/kg, i.v. and i.p., respectively; morphine = 0.93 (0.48-1.38) and 2.52 (1.46-3.58)
umol/kg, i.v. and i.p., respectively. The peptide-induced antinociception was not evanescent, a dose of 3
umol/kg i.v. giving Mean % Antinociception values of 73.3, 41.9 and 24.4 at 0.5, 1 and 2 hr, respectively.
The nonopioid nature of this “new generation” analgesic was confirmed since potency against formalin was (a)
retained in mice rendered tolerant to the antinociceptive action of morphine and (b) unaffected by naloxone at a
dose (10 mg/kg, s.c.) sufficient to block all opioid receptors.

ACKNOWLEDGEMENT

Supported by Neurobiological Technologies Inc. (NTI).

69



BIOTRANSFORMATION OF DYNORPHIN A(1-13) AMIDE AND ANTINOCICEPTION
IN RHESUS MONKEYS

E. R. Butelman; J. Yu; B. T. Chait; M. J. Kreek; and J. H. Woods
University of Michigan, Ann Arbor, MI and Rockefeller University, New York, NY

Amidation of peptide C-terminals has been suggested as a means to produce compounds with higher stability
in biological systems. The present study examined the in vitro biotransformation of dynorphin A(1-13)amide
[dyn A(1-13)NH2] in rhesus monkey blood incubated at 37°C using matrix-assisted laser desorption/ionization
mass spectrometry (MALDI). We also examined its antinociceptive effect in the rhesus monkey warm water
tail withdrawal assay (n=3), following intravenous administration. MALDI revealed that intact dyn A(1-13)
NH2 survived in blood for up to 5 min, and that amidation protected the C-terminal from enzymatic
degradation. However, two other sites of breakdown occurred: one was at the first amino acid position, which
yielded dyn A(2-13)NH2, the other was at the 6- amino acid position which yielded dyn A(1-6) and dyn A(7-
13)NH2. Neither the parent peptide nor any products were observed after 15 min incubation. Dyn A(1-13)NH2
(3.2 mg/kg, i.v.) was fully antinociceptive in the tail withdrawal assay in 50” water for up to 15-30 min, but
was only transiently active in 55° water. This antinociceptive profile was similar to that of the unmodified
peptide, dyn A(1-13). Overall, whereas C-terminal amidation protected from carboxypeptidase activity, this did
not result in a peptide with a substantially increased or prolonged antinociceptive effect following intravenous
administration in rhesus monkeys.

ACKNOWLEDGEMENTS: Supported by USPHS grants DA 00254 (JHW), DA 05130 and DA 00049
(MJK) and RR 00862 (BTC)

EFFECTS OF MONOAMINE REUPTAKE INHIBITORS ON THERMAL NOCICEPTION
IN RHESUS MONKEYS

M. B. Gatch; S. S. Negus; and N. K. Mello

Alcohol and Drug Abuse Research Center, McLean Hospital - Harvard Medical School,
Belmont, MA

This study characterized the antinociceptive effects of cocaine and selective monoamine reuptake inhibitors
administered alone and in combination with morphine in rhesus monkeys. The shaved tails of 4 rhesus
monkeys were exposed to warm water (42, 46, 50 and 54°C) and tail withdrawal latencies (20 sec maximum)
from each temperature were determined. Cocaine (0.032-1.8 mg/kg) and the selective serotonin reuptake
inhibitors clomipramine (0.01-3.2 mg/kg) and fluoxetine (0.1-10 mg/kg) produced small but dose-dependent
antinociceptive effects and potentiated the antinociceptive effects of morphine (about a half-log leftward shift).
Cocaine (1.8 mg/kg) and clomipramine (1.0 mg/kg) both produced a large potentiation of the antinociceptive
effects of the low efficacy p-opoid agonist nalbuphine, shifting the curve to the left and markedly increasing
the maximum effect, but produced no change in the amount of antinociception produced by the high efficacy
p-opioid agonist fentanyl. The selective serotonin antagonist mianserin (0.32 mg/kg) completely suppressed
the antinociceptive effects of clomipramine. Mianserin (1.0 mg/kg) produced a half-log unit rightward shift in
the cocaine dose-effect curve and attenuated the enhancement of morphine’s antinociceptive effects by cocaine
(1.8 mg/kg). The selective norepinephrine reuptake inhibitors nisoxetine (0.1-10 mg/kg) and tomoxetine (0.1-
10 mg/kg) and the selective dopamine reuptake inhibitiors bupropion (0.032-3.2 mg/kg) and GBR12909 (0.1-
10 mg/kg) did not produce antinociception or potentiate morphine-induced antinociception. In fact, GBR12909
produced dose-dependent allodynia, and doses of 3.2 and 10 mg/kg GBR12909 reduced the antinociceptive
effects of morphine. These results suggest that serotonergic systems mediate the effects of cocaine on
nociception and on morphine-induced antinociception in primates. In addition, these results suggest that
serotonergic reuptake inhibitors may be useful as adjuncts to low-efficacy opioids in the treatment of pain,

(Supported in part by NIDA grants DA00101, DA04059, DA07252.)
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CLOCINNAMOX (CCAM) DOSE-DEPENDENTLY ANTAGONIZES MORPHINE-
ANALGESIA AND *H- DAMGO BINDING IN FEMALE RATS

C. A. Paronis“; P. B. Liebermanz; E. A. Young3; and J. H. Woods’

Departments of Pharmacologyl, Physiologyz, and the MHRI’, University of Michigan,
Ann Arbor, MI and Department of Psychiatry", Harvard Medical School, NERPRC,
Southborough, MA

Clocinnamox is a long-lasting, noncompetitive, mu-opioid antagonist in mice and monkeys. The present
studies examined the ability of CCAM to antagonize the antinociceptive effects of morphine in rats and to
inhibit binding of *H- DAMGO to rat whole brain homogenates ex vivo. Subjects were female Sprague-
Dawley rats, 185-290g. Antinociceptive testing used a warm water (50°C) tail-withdrawal procedure; mean
baseline tail-withdrawal latencies were 3.8-6.4 sec. Under control conditions, morphine dose-dependently
increased tail-withdrawal latencies, the mean baseline EDs, of morphine was 5.8A0.7 mg/kg. Pretreatment
with 0.1 mg/kg CCAM did not effect the morphine dose- response curve. A dose of 1.0 mg/kg CCAM
displaced the morphine dose-response curve 4-fold to the right of the control curve and 10 mg/kg CCAM
eliminated the antinociceptive effects of morphine (10 - 1000 mg/kg) in 50°C water. The antagonism of the
antinociceptive effects of morphine by 10 mg/kg CCAM persisted for at least 4 wks. Separate groups of rats
received 0. 1, 1.0, or 10 mg/kg CCAM and were sacrificed at various times afterwards. Whole brain
membranes were prepared for determination of binding parameters of "H-DAMGO. CCAM dose-dependently
decreased "H-DAMGO binding ex vivo by decreasing B,,, values, Kd values were not affected by CCAM.
Control B, values for *H-DAMGO binding were 234A8 fmol/mg protein; in membranes prepared from rats
pretreated (24hr) with 0. 1, 1, and 10 mg/kg CCAM, the B,,,, values for *H-DAMGO were 120A5, 88A6, and
54A2 fmol/mg protein, respectively. The B, values for "H-DAMGO binding after an injection of 10 mg/kg
CCAM returned towards control values gradually. One week after 10 mg/kg CCAM, the B, for "H-DAMGO
was 99A7 fmol/mg protein, and at two and four weeks after CCAM the B, was 134A4 and 178A10 fmol/mg
protein, respectively. Our results indicate that CCAM acts as a long- lasting, noncompetitive mu-opioid
antagonist in rats. Acknowledgments: Supported by NIDA grants DA 00254, DA 07268, and DA 05676.

COLD-PRESSOR PAIN TOLERANCE OF OPIATE ADDICTS ON AND OFF
NALTREXONE

P. Compton; D. Frosch*; J. Obert*; and R. Rawson*

UCLA School of Nursing, UCLA Drug Abuse Research Center, *Matrix Center, Los
Angeles, CA

Naltrexone, an antagonist at the p-opiate receptor, is a pharmacotherapy with demonstrated efficacy for the
treatment of opiate dependence and, increasingly, the treatment of alcohol dependence. Although naltrexone
blocks the analgesic effects of subsequently administered opiates, it is unknown how chronic naltrexone
receptor blockade affects the perception of pain in opiate-free individuals with a history of opiate addiction.
Consistent with clinical demonstrations of hyperalgesia is acute dosing paradigms of naloxone in normal
subjects (Davis et al. 1978; Grevert and Goldstein 1977; Levine et al. 1979) we hypothesized that naltrexone
would decrease pain tolerance by blocking endogenous opiate analgesia during a painful experience. Cold-
pressor (CPT) pain tolerance was measured in 10 volunteer, ex-opiate abusing males both during naltrexone
maintenance (25 - 50mg/day for at least six weeks) and off naltrexone for an average of 22 days (SD = 29.5
days). Subjects were excluded if suffering from medical conditions affecting pain perception (i.e., peripheral
neuropathy), and were drug-free as demonstrated by urine toxicology collected immediately prior to each CPT
in the OFF condition. The results reveal a significant decrease (Wilcoxon Matched-Pair Signed-Rank Test, z =
-2.37, p = .018) in CPT pain tolerance OFF naltrexone (x = 107.8sec, SD = 113.74) than ON naltrexone (x =
133.3sec, SD = 116.79), with change in pain tolerance scores correlated to neither time ON nor time OFF
naltrexone. These findings suggest an analgesic effect for naltrexone maintenance, and are worthy of replication
in larger samples, including those with a history of alcohol rather than opiate dependence, Possible
explanations for naltrexone-induced analgesia, including those unique to opioid-mediated pain systems of opiate
addicts (Compton 1994; Vaccarino et al. 1988), arc presented. REFERENCES available from senior author
upon request.
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TREATMENT OF REFLEX SYMPATHETIC DYSTROPHY WITH NALTREXONE

S. H. Schnoll; J. S. Knisely; and M. A. E. Jarvis

Division of Substance Abuse Medicine, Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA

Reflex Sympathetic Dystrophy (RSD) may occur following trauma, surgery, or several disease states and is
one of the most difficult problems for physicians to treat. For patients who do not respond to nerve blocks,
reports of pain relief by antidepressants, antiseizure medications, NSAIDs, and opioids have been mixed.
Recent animal studies have indicated that narcotic antagonists may be more helpful in attenuating certain types
of pain. This analgesia appears to be produced via an increase in kappa receptor activity. Similar findings in
humans with thalamic pain syndrome have also been reported. The purpose of the present study was to
evaluate the analgesic efficacy of naltrexone in patients with RSD. Five patients with RSD who were not
responding to high doses of opioids were gradually withdrawn and started on naltrexone 100-800 mg per day in
divided doses. Each patient had an enhanced analgesic effect with naltrexone compared to previous treatment.
Two patients had a return of pain after six months. After failure of opioids to provide sustained relief, both
patients were placed back on naltrexone with positive results. In all cases, the relief was partial but permitted
the patients to become more functional. In four cases, a kappa agonist was added that provided additional
analgesia.

NITRIC OXIDE (NO)/CYCLIC GMP SYSTEM AT THE SUPRASPINAL SITE IS
INVOLVED IN ACUTE MORPHINE ANTINOCICEPTIVE TOLERANCE

J. Y. Xu and J. M. Bidlack
University of Rochester, Rochester, NY 14642

The role of the supraspinal NO/cyclic GMP system in acute morphine antinociceptive tolerance was
investigated using the mouse 55°C warm-water tail-flick test. A single i.c.v. pretreatment of mice with
morphine (3 nmol, -140 min) produced an acute antinociceptive tolerance to subsequent i.c.v. morphine, as
demonstrated by a 79-fold rightward shift of the morphine dose-response curve. When co-adminstered with
morphine (-140 min), N--nitro-L-arginine methyl ester (L-NAME, 0.1-10 nmol), an NO synthase inhibitor,
inhibited the development of morphine tolerance in a dose-dependent manner. L-NAME at a dose of 10 nmol,
which did not affect morphine-induced antinociception when co-administered with morphine, completely
blocked the rightward shift of the morphine dose-response curve caused by i.c.v. morphine pretreatment (3
nmol, -140 min). This effect of L-NAME was partially antagonized by L-arginine, but not D-arginine in a
dose-dependent manner. Methylene blue (MB, 1-10 nmol), a guanylate cyclase inhibitor, when co-adminstered
with morphine (-140 min), were also able to block the acute morphine antinociceptive tolerance, thought it
exhibited lower efficacy compared with L-NAME because only partial reversal of the acute morphine tolerance
was observed with 10 nmol of MB. The effects of increased production of NO on acute morphine
antinociceptive tolerance were also studied. When co-adminstered with morphine (-140 min), neither L
arginine (100 nmol) nor the NO donors, sodium nitroprusside (5 nmol) or isosorbide dinitrate (10 nmol)
affected the 6-fold rightward shift of the morphine dose-response curve caused by i.c.v. morphine pretreatment
at a lower dose (1 nmol, - 140 min). L-Arginine when given i.p. at dose of 200 mg/kg daily for three days, did
not produced any change in the magnitude of the acute morphine antinociceptive tolerance. Together, our
results indicate that the supraspinal NO/cyclic GMP system is involved in the development of acute morphine
antinociceptive tolerance. However, increased production of NO does not affect the magnitude of morphine
tolerance. ACKNOWLEDGEMENTS: Supported by USPHS grants DA03742 and DA07232.
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ANALGESIC TOLERANCE IN NEONATAL RATS CONTINUOUSLY RECEIVING
FENTANYL BY OSMOTIC MINIPUMP

F. L. Smith and S. R. Thornton

Department of Pharmacology & Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA

Our survey data and a review of the literature indicate that the attitudes and practices of clinicians in the areas of
neonatal pain management have changed. Today neonates arc more readily treated with opioids than in the past.

However, the judicious use of opioids are hampered by reports of analgesic tolerance and physical dependence in
neonates continuously receiving morphine or fentanyl during painful and stressful life-saving procedures. Little
is known about the vulnerability of neonates to become tolerant. Animal models to investigate tolerance have
been reported, yet nothing is known about the vulnerability of neonates to become tolerant. Animal models of
neonatal tolerance have been reported, yet nothing is known about fentanyl. We hypothesized that continuous
fentanyl administration would render neonatal rats tolerant to fentanyl. Initial experiments were conducted to
evaluate the acute antinociceptive effects of s.c. fentanyl in postnatal day 9 (P9) rats using the tail-flick test.

The ED50 value was 19 pg/kg (95% C.L. 10 to 39). Other neonatal rats at P6 remained naive, or were
surgically implanted with Alzet 1003D osmotic minpumps containing saline and fentanyl. Fentanyl infused for
72 hrs at 100 pg/kg/hr was calculated to maintain an initial 84% antinociceptive effect. In fentanyl-infused
& neonates at P9, the potency of fentanyl was decreased 4.8-fold compared to saline-infused neonates. The
EDS50 values were: Naive, 19 pg/kg (95% C.L. 12 to 29); Saline-infused, 31 pg/kg (95% C.L. 18 to 52);
Fentanyl-infused, 83 pg/kg (95% C.L. 59 to 116). In fentanyl-infused female rats the potency of fentanyl was

decreased 5.2-fold compared to saline-infused neonates. The ED50 values were: Naive, 23 pg/kg (95% C.L. 16

to 33); Saline-infused, 17 pg/kg (95% CL. 10 to 28); Fentanyl-infused, 91 pg/kg (95% C.L. 45 to 184).

Thus, continuous fentanyl administration rendered both male and female rats equally tolerant to fentanyl. This
work was supported by NIDA grant P50-DA-05274.

ETONITAZENE ANALGESIA IN RATS: ANTAGONISM, TOLERANCE AND CROSS-
TOLERANCE STUDIES.

E. A. Walker
Department of Psychology, Wayne State University, Detroit, MI

The analgesic effects of etonitazene, a high efficacy p opiate, were characterized in the rat tail-withdrawal assay.
Latency to tail-withdrawal from 40° and 55°C water was measured and a 15-s cut-off latency was imposed.
Etonitazene (0.00032.0.01 mg/kg) produced dose-dependent increases in % maximum possible effect.
Naltrexone (0.01-1.0 mg/kg) and nalbuphine (3.2-32 mg/kg) produced dose-dependent antagonism of the
analgesic effects of etonitazene with p opioid apparent pA, values. Clocinnamox (10 mg/kg, s.c.) significantly
decreased the etonitazene EDs, by lo-fold, without decreasing maximum effect. Repeated treatment with
escalating doses of etonitazene (0.001-0.128 mg/kg per day) produced greater cross-tolerance to lower efficacy
agonists such as buprenorphine than to the higher efficacy agonists such as etonitazene. To equivalently alter
the etonitazene EDs, by 10-fold, the following repeated treatment doses were required: 0.8 mg/kg per day
buprenorpohine (< 20 x the buprenorphine EDs;); 160 mg/kg per day morphine (50 x the morphine RDs); and
0.128 mg/kg per day etonitazene (70 s the etonitazene ED,,).

These data confirm that etonitazene produces analgesic effects through a high efficacy p opioid mechanism in
rats. Furthermore, these data support the hypothesis that magnitude of tolerance to the analgesic effects of u
opioids is inversely related to the relative efficacy of the agonist tested as well as the agonist used as the repeated
treatment agent.

ACKNOWLEDGEMENTS: Supported by DA 07947
73



REINFORCEMENT OF COCAINE ABSTINENCE IN TREATMENT-RESISTANT
PATIENTS: EFFECTS OF REINFORCER MAGNITUDE

K. Silverman; M. A. D. Chutuape; G. E. Bigelow; and M. L. Stitzer
Johns Hopkins University School of Medicine, Baltimore, MD

Voucher-based reinforcement of cocaine abstinence has successfully produced sustained cocaine abstinence in
some methadone patients, but failed in others. This ongoing study assesses whether we can promote sustained
cocaine abstinence in the subgroup of treatment-resistant patients by increasing the magnitude of voucher
reinforcement. Participants are 29 methadone patients who previously failed to achieve sustained abstinence
when exposed to a 13-week intervention in which they could earn up to $1155 in vouchers (exchangeable for
goods/services) for providing cocaine-free urines. Each patient is being exposed, in counterbalanced order, to
three 9-week voucher interventions (separated by 4-week baseline periods), in which they can earn up to $0,
$380, or $3,400 in vouchers. Sixteen patients completed all three voucher conditions. Analyses of urine
samples from those 16 patients showed that the longest duration of sustained cocaine abstinence was related to
voucher magnitude (F=13.42; df=2,30; P<.001); means were .27, .81, and 3.79 weeks, during zero, low and
high pay conditions, respectively. Half of the patients in the high magnitude condition achieved four or more
weeks of sustained cocaine abstinence, whereas only one patient in the low magnitude condition and no patients
in the zero magnitude condition achieved more than two weeks of sustained abstinence. These results show that
high magnitude voucher-based abstinence reinforcement can promote sustained cocaine abstinence even in
treatment-resistant patients. This study represents an initial step in developing an effective treatment for this
difficult population of cocaine-abusing methadone patients.

ACKNOWLEDGMENTS: Supported by NIDA grant P50 DA09258, T32 DA07209 and K05 DA00050.

MONETARY REINFORCEMENT OF COCAINE ABSTINENCE IN COCAINE-
DEPENDENT SCHIZOPHRENIC PATIENTS

L. J. Roberts; A. Shaner; and T. A. Eckman

West Los Angeles VA Medical Center & the Department of Psychiatry, UCLA School of
Medicine

Contingency management has been used to modify behaviors in both schizophrenia and substance abuse. This
study was designed to determine whether contingency management could reduce cocaine use by schizophrenics.

Two male outpatients met DSM-III-R criteria for schizophrenia and cocaine dependence. They were homeless,

actively psychotic and frequent cocaine users despite enrollment in a comprehensive dual diagnosis treatment
program. This study used an A-B-A design with each phase lasting two months. During the intervention
phase, subjects provided a daily urine specimen which was tested for cocaine using a rapid qualitative test. If
this test was negative, they were paid $25 in cash. To determine the efficacy of this intervention, the study
used an additional and quantitative urine toxicology method. Twice weekly, in all three phases, subjects
provided a urine specimen which was assayed for the cocaine metabolite, benzoylecgonine, using fluorescence

polarization immunoassay and high-pressure liquid chromatography. The mean concentration of
benzoylecgonine was significantly lower during the invention (4.9K ng/ml; 1.9K-13K = 95% confidence
limit) than during the baseline (19K ng/ml; 7.3K-49K = 95% confidence limit, %(49)=2.75, p=.009). During
the post-intervention phase, the concentration was intermediate, but not significantly different from either
baseline or intervention levels. These results suggest that modest monetary reinforcement of abstinence may
decrease cocaine use among cocaine dependent schizophrenic patients. Therefore, it may be possible to reduce
cocaine use by distributing a portion of monthly disability income to patients contingent on abstinence..
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A CONTROLLED COMPARISON OF TWO VOUCHER SYSTEMS FOR COCAINE
ABSTINENCE

K. C. Kirby; D. B. Marlowe; and J. J. Platt

Division of Addiction Research & Treatment, Department of Psychiatry, Medical College
of Pennsylvania and Hahnemann University, Philadelphia, PA

We compared treatment outcomes of 23 minority, inner-city, crack cocaine-dependent patients receiving different
voucher systems for cocaine abstinence. All patients received individual cognitive-behavioral counseling as well
as group sessions on interpersonal problem-solving and relapse prevention. All were required to submit three
urine samples weekly. Samples were temperature tested to ensure veracity and analyzed on site by Emit® for
presence of the cocaine metabolite benzoylecgonine. Patients were informed of the urinalysis result by
presentation of a feedback slip. The slips sometimes had a dollar value attached to them, making them vouchers
that patients exchanged for goods and services consistent with encouraging drug-free activities and lifestyles.
Twelve of the subjects were randomly assigned to receive vouchers according to Voucher Schedule 1 and eleven
were assigned to Schedule 2. Both schedules provided differential reinforcement of cocaine abstinence, but they
differed along six dimensions. The group receiving vouchers according to Schedule 2 had greater number of
cocaine-free urines (F(1,21) = 5.7, p=.03), greater number of completely drug-free urines (F(1,21) = 5.6, p=.03),
and longer durations of continuous cocaine abstinence (F(1,21) = 6.5, p=.02). Schedule 2 provided: (i) more
immediate consequences, (ii) greater reinforcer magnitude for initiating abstinence, (iii) higher possible voucher
earnings, and (iv) increasing reinforcer intermittence with increasing abstinence, and did not provide: (v) a
response-cost for cocaine positive urines or (vi) differential reinforcement for sustained cocaine abstinence.
These data suggest some important dimensions of reinforcement scheduling to consider in designing and
evaluating voucher incentive systems in cocaine treatment.

ACKNOWLEDGEMENTS: Supported by NIDA grant DA-06986.

EFFICACY OF INCENTIVES DURING OUTPATIENT BEHAVIORAL TREATMENT FOR
COCAINE DEPENDENCE

S. T. Higgins; C. J. Wong; A. J. Budney; K. T. English; and M. H. Kennedy

Human Behavioral Pharmacology Laboratory, University of Vermont, Burlington,
Vermont

Our group has been researching the efficacy of a voucher-based incentive program in outpatient treatment for
cocaine dependence. Vouchers exchangeable for retail items are earned contingent on cocaine-negative urinalysis
results. In two prior trials, patients who received this incentive program in combination with counseling based
on the Community Reinforcement Approach (CRA) were retained in treatment longer and achieved greater
periods of cocaine abstinence than patients assigned to drug abuse counseling. A third trial isolated the efficacy
of vouchers by comparing outcomes in patients who received CRA with versus without vouchers. Those who
received vouchers were retained in treatment longer and achieved greater periods of cocaine abstinence than those
in the group without vouchers. In each of those trials between-group differences in retention rates obscured
determination of whether vouchers directly reinforced cocaine abstinence. To address that issue, a 24-week trial
is being conducted comparing CRA with vouchers contingent on cocaine abstinence versus CRA with vouchers
earned noncontingently. Preliminary results are available based on 61 subjects. As planned, retention rates were
comparable across the two groups. Nevertheless, significantly more patients assigned to the contingent than the
noncontingent voucher group achieved > nine weeks of continuous cocaine abstinence (44%) vs. 21%, p > 0.05).
These results provide further support that contingent vouchers can directly reinforce periods of sustained cocaine
abstinence in dependent outpatients.
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CONTINGENCY MANAGEMENT INTERVENTIONS IN THE TREATMENT OF
COCAINE-DEPENDENT PATIENTS INFECTED WITH TUBERCULOSIS

F. LaCourl; R. Elkl; J. Grabowski, J.I; H. Rhoadesl; T. Mackeyz; and G. Delclos

Department of Psychiatry and Behavioral Sciences'; School of Nursingz; School of Public
Health3; University of Texas, Houston, Health Science Center

Drug abusing patients who have been exposed to tuberculosis are a high risk for developing active TB disease.
Poor compliance with prophylactic treatment leads to increased likelihood of developing active disease, and
continued cocaine use leads to a greater engagement in high-risk behaviors. The purpose of this ongoing study
is to determine the relative effectiveness of contingency management interventions, as adjuncts to baseline
treatment, in decreasing cocaine use and increasing compliance with chemoprophylactic treatment. Methods:
Patients with a primary diagnosis of cocaine dependence, or opiate dependence with secondary cocaine dependence,
are randomly assigned to one of three treatment groups. Patients in all three groups receive baseline treatment:
behaviorally based counseling, isoniazid, TB education and routine liver function tests. Patients are required to
attend clinic (3/week) and provide a urine sample at each visit. In addition to the baseline treatment, patients in
Group A are reinforced ($18) for each cocaine-free UA, with an additional weekly reinforcer ($20) if they attend
clinic all three days and all three UAs per week are cocaine-free. Patients in Group B are reinforced for each
decrease in cocaine metabolite levels, ($15). Patients also receive a larger reinforcer ($18) for each cocaine-free
UA, and an additional weekly reinforcer ($20) if they attend clinic on all three days and three of the Uas per week
demonstrate a decrease in cocaine use or are cocaine-free. Patients in Group C receive baseline treatment alone
(Control group). Results: Data are presented on 26 patients. Both contingency groups (CMI) are combined
and compared with the control groups. (a) Treatment retention: Significantly more patients in the CMI groups
(80%) remained in treatment, compared to the control group (34%) [p=0.017]. (b) Cocaine abstinence: Patients
in the CMI groups had higher rates of cocaine-free UAs (71%), than in the control group (45%)[p=0.081]. (c)
INH Compliance was very high in all groups (90% of medication was taken), but was significantly higher in the
CMI groups (95%) than in the control group (83%)[p=0.016]. Conclusions: CMIs enhance treatment
retention, cessation of cocaine use and compliance with INH. These data have important health care benefits.
Acknowledgements: Supported by NIDA grant DA 08644

ADDING SOCIAL NETWORK EXERCISES TO ANTI-CRAVING TOOLS IN COCAINE
TREATMENT

L. Goehl; A. R. Childress; A. V. Hole; R. Ehrman; and C. P. O’Brien
Treatment Research Center, University of Pennsylvania and Philadelphia VA Medical Ctr.

Our research group has previously demonstrated that patients taught a series of active tools for countering cue
induced craving had improved drug use outcomes compared to randomly-assigned control patients who received
equivalent amounts of professional attention. As problems in the patients’ social network may also constitute a
risk for relapse, we have recently developed a complementary treatment component to address this risk. The
component consists of a series of manual-guided social network exercises which encourage positive
interpersonal relationships and help minimize the impact of negative social interactions. The exercises are taught
in individual sessions, and include Communication; Trust; Enjoyment/Satisfaction; Daily Hassles; Handling
Problems and Conflicts; and Intimacy. We are now evaluating the treatment outcome of cocaine patients (n=35
entered into the study; n-22 included in the data set) randomized either to a combination of anti-craving tools and
social network exercises or to an equivalent amount of professional attention in an ongoing 12 week protocol.
Both the experimental and control conditions are added to a standard treatment baseline of weekly drug counseling
and regular urine monitoring. Interim analyses of drug use and retention data will be presented for the ongoing
study.

ACKNOWLEDGEMENT: Supported by NIDA Merit Award DA 3008 and VA Center Grant to P. O’Brien
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THE EMPLOYMENT OF A COCAINE TRIGGER INVENTORY IN RELAPSE
PREVENTION TREATMENT PROGRAM

L. Covi; J. M. Hess; N. A. Kreiter;* S. J. Ruckel; W. P. Rea; E. G. Singleton*; K. L.
Preston; D. A. Gorelick; and 1. D. Montoya

IRP/NIDA/NIH, Baltimore, Maryland*, Johns Hopkins University, Baltimore, Maryland

As a part of a relapse prevention psychotherapy program with cocaine abusers, high risk situations were
identified at the time of the two initial therapy sessions by employing G. D. Shulman’s Cocaine Trigger
Inventory (1989) which lists situations and cues that could trigger craving for cocaine. In the course of
developing a manualized 12-week program of Cognitive-Behavioral-Interpersonal Integrated Counseling it
became evident that the inventory was used in exploring the mechanism of cocaine use cessation and relapse. In
this study, Inventory responses from 90 ambulatory research treatment volunteers were examined to evaluate the
utility of the instrument. Subjects were mostly African-American males, and 40% were successful at
completing the required eight or 12 weeks of counseling. Among these subjects, craving was most frequently
triggered in cocaine focused situations that involved use by subjects’ friends and co-workers. A classification
function derived from a logistic regression and factor analysts of situations and cues predicted overall retention
rates with 70% accuracy. Work-related situations were most instrumental in differentiating dropouts from
completers. Overall, findings were consistent with Shulman’s original validation study of 200 addicts at two
residential treatment facilities. However, research is needed to match treatment techniques to specific situations
and cues identified by the questionnaire further assess the clinical utility of the Inventory.

ABSTINENCE CONTINGENT HOUSING ENHANCES DAY TREATMENT FOR
HOMELESS COCAINE ABUSERS

J. B. Milby*; J. E. Schumacher; C. McNamara; D. Wallace; T. McGill; D. Stange; and
M. Michael

University of Alabama at Birmingham and VA Medical Center*

Day treatment/work therapy with abstinent contingent housing (DTWH) was compared to the same treatment
without housing or work therapy (DT) for homeless, dually diagnosed, cocaine abusers on outcomes of addiction
and homeless severity at baseline, weekly, and after two months treatment. DTWH was hypothesized to show
better outcomes. Consenting subjects (n=72) were randomly assigned and assessed by independent interviewers.
Days homeless, homelessness severity, and urine toxicologies were examined. DT involved unique goals
established during assessment, random urines 2/wk, individual and multiple group counseling 6 hr/day for two
months in a milieu using vouchers to reinforce non-drug related social/recreation activities. Transportation
to/from shelters and lunch were provided. DTWH subjects developed employment goals and could work
refurbishing managed housing, available for a modest rent, contingent on abstinence. Weekly toxicology results
for DT(n=16) respectively, show consecutive weeks drug free = 5.1 SD=2.7 vs 3.3 SD-2.7 (Mann Whitney U p

<0.02) with frequency of consecutive weeks drug free for DTWH skewed toward six and eight weeks while
frequency for DT was skewed toward <6. Homelessness outcomes did not differ at baseline, but distributions for
DTWH showed lower levels than DT for both days homeless (median 21 vs 58) and homelessness severity
(median of 9.4 vs. 12.4) with significant difference in the distributions demonstrated by the Kolmogorov-
Smirnov test (p=0.03 for days and p-0.01 for severity). Results suggest a strong therapeutic effect for
abstinence contingent housing and work therapy as adjunct to day treatment and that such contingencies alone
may be sufficient intervention for homeless substance abusers without serious mental disorders.

ACKNOWL,EDGEMENT: Supported by NIDA grant RO1 DA08475
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QUANTITATION OF mRNAs FOR KAPPA AND MU OPIOID RECEPTOR AND
DYNORPHIN AND ENKEPHALIN IN HUMAN BRAIN BY RNase PROTECTION AND
SCINTILLATION ANALYSIS

C. E. Maggos; R. Spangler; D. P. Perl’; S. Morgellol; F. Simonin’; B. L. Kiefferz; A.
Mestek3; L. Yu3; V. Yuferov, K. S. LaForge, A. Zlobin; and M. J. Kreek

The Rockefeller University, New York, NY; "Mount Sinai Medical Center, New York, NY;
’Ecole Superieure de Biotechnologie, Strasbourg, France; 3Indianapolis, IN

Pilot studies were performed to determine the feasibility of quantitating opioid mRNAs in human brain. Selected
brain regions were obtained from three post-mortem brain specimens. The mRNA was extracted and assayed for
opioid mRNA density by TCA precipitation of RNase protected mRNA-cRNA hybrids using riboprobes
generated from the recently cloned human kappa (hKOR) and mu (hMOR) opioid receptors as well as the human
dynorphin (hDYN) and enkephalin (hRENK) cDNAs. Data are expressed as attomoles specific mRNA/ug total
RNA. Only one region, the lateral frontal pole (LFP), was available from the first subject, an 81 year old male
who had laryngeal cancer. Additional brain regions including, medial frontal pole (MFP), caudate (CAU),
putamen (PUT), and substantia nigra (SN) were obtained from the second subject, a 69 year old female with heart
disease. From the third subject, a 76 year old female with pancreatic cancer, additional regions including nucleus
accumbens (NAC), globus pallidus (GP), thalamus (THA), and cerebellum (CER) were obtained. With this
assay we are able to quantitate and compare opioid mRNA densities in human brain.

EXPRESSION OF p AND «x OPIOID RECEPTORS BY NORMAL AND
DYSMYELINATING OLIGODENDROCYTES DURING IN VITRO DEVELOPMENT

P. E. Knapp and K. F. Hauser
Department of Anatomy and Neurobiology, University of Kentucky, Lexington, Kentucky

Opioids have previously been shown to inhibit astroglial proliferation during CNS development. The effects of
opioids on the other CNS macroglial cell, the oligodendrocyte (OL), have not been rigorously investigated. To
determine whether OLs might respond to opioids during maturation, we assessed the expression of p,K and &
opioid receptors on developing Ols in vitro. Primary glial cultures from mouse cortex were established using
standard mechanical and enxymatic dissociation techniques. Immature Ols were dislodged from the surface layer
of 7-8 day primary cultures and further purified by panning to remove more strongly adherent astroglia. Enriched
OL cultures were immunostained at 1-7 days after plating using polyclonal antibodies directed against x, u and &
opioid receptor types (Dr. R. P. Elde, Univ. Minnesota). To positively identify Ols, some cultures were double-
stained with either the monoclonal O4 antibody or a monoclonal antibody to myelin basic protein (MBP). O4
detects sulfatide, an early glycolipid marker of OL differentiation. All O4 immunoreactiveOls co-expressed p
type opioid receptors. Expression of p receptors was confined to discrete, perinuclear regions regardless of the
culture age. Ols also expresseded K type opioid receptors, but only at later stages of differentiation when they also
expressed markers such as MBP. Reaction product for X receptors was more widely distributed in OL cell bodies
and extended into some cell processes. Ols did not express & receptors at any time. We also examined Ols
enriched from cortices of Jimpy mice. Jimpy is an X-linked mutation which results in a failure of OL
differentiation, premature OL death and severe CNS hypomyelination. Although p receptors appear to be
expressed normally in jimpy Ols ¥ receptors are not present even in the few mature jimpy Ols which express
MBP. Collectively these findings suggest a sequential expression of p and then X opioid receptors during normal
OL development. That K receptor expression is abnormal in Ols from a dysmyelinating mutant underscores the
likelihood that opiates play important roles in normal OL maturation. Supported by NMSS RG2461A1 and
NIH DA06204
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CHARACTERIZATION OF AMPHETAMINE, CATHINONE, NEXUS, DOB, MBDB,
HMDMA, MDM-1-EA AND N-OH-MDMA IN FEMALE RATS TRAINED TO
DISCRIMINATE MDMA

M. E. Bronson; J. Langston*; M. C. Newland*; C. R.Clark and J. DeRuiter

Auburn University Depts. of Pharmacol Sci. & *Psychology, Auburn, AL 36819-5503

Female  Long-Evans  hooded rats were trained to  discriminate 1.5 mgkg (¥)-34-
methylenedioxymethamphetamine (MDMA) from water in a 2-lever drug discrimination procedure.
Amphetamine and several structurally related “designer drugs” were then tested for substitution. These included
(¥)-cathinone (0.32-3.2 mg/kg), (£)-N-methyl-3,4-methylenedioxyphenyl-2-butanamine (MBDB or “Fido Dido”,
0.1-3.2 mg/kg), (£)-N-OH-3,4-methylcnedioxymethamphetamine (N-OH-MDMA or “Flea”, 0.1-3.2 mg/kg), 4-
bromo-2,5-dimethoxyphenethylamine (“Nexus”, 0.1-1.5 mg/kg), 4-bromo-2,5amphetamine (DOB, 0.32-3.2
mg/kg), N-metliyl-1-(3A-methylenedioxyphenyl)-1-ethanamine (MDM-1-EA) and N-methyl-1-(3,4-
methylenedioxyphenyl)-3-butanamine (HMDMA). In a previous study in male rats (Bronson et al, 1994)
HMDMA substituted for MDMA in 5/7 rats and MDM-1-EA produced partial substitution. In female rats,
however, no dose of either drug substituted for MDMA. Cathinone and amphetamine partially substituted for
MDMA in female rats, which is similar to findings in male rats (Schechter 1989). Nichols and Oberlender
(1989) reported that both (+)- and (-)-MBDB substituted for MDMA in male rats, and in the present study racemic
MBDB also substituted for MDMA in female rats. Similarly, Glennon and Misenheimer (1989) reported that N-
OH-MDMA substituted for MDMA in male rats, and this compound also substituted for MDMA in female rats.
DOB and Nexus, two brominated amphetamine derivatives, also substituted completely for MDMA but DOB did
so only at doses that significantly decreased responding. In addition, Nexus proved to be very disruptive after
testing, in that animals continued to respond on the MDMA lever for several days after administration of Nexus,
suggesting that this drug produces long-lasting effects.

References may be obtained from the fist author.

INTERACTION BETWEEN MORPHINE AND SOCIAL STRESS ON FOS EXPRESSION
IN MOUSE BRAIN STEM

E. M. Nikulina; J. E. Marchand; R. M. Kream and K. A. Miczek
Tufts University, Boston and Medford, MA

Stressful social confrontations have long-term consequences for opioid analgesia and tolerance (Miczek et al.,
1991). In order to clarify potential molecular mechanisms of this phenomenon we studied expression of
immediate early gene c-fos, which serves as marker of neuronal activity. Fos immunohistochemistry was used as
a method for detection c-Fos protein in mouse brain stem structures after “social stress”, to which the mice were
subjected immediately for one week before administration of morphine. Mice were perfused one hour after i.p.
morphine. Acute injection of morphine (7.5 mg/kg and 10 mg/kg) induced Fos expression in locus coeruleus
(LC) and in periaqueductal gray (PAG) that was substantially higher than in control mice. Social stress
immediately before morphine injection (7.5 mg/kg) had an addictive effect on Fos immunoreactivity in PAG and
LC, the number of Fos-positive nuclei tended to be higher than after morphine alone. On the other hand, social
stress, given to mice one week before morphine injection, attenuated c-fos expression in PAG, and this
expression was similar to that after saline. Estimation of mu receptors in in sifu hybridization did not reveal
significant differences in number of mu receptors between mice with morphine alone or in combination with
social stress. These results suggest an important role of c-fos expression in PAG in the process of tolerance after
social stress and morphine.

AKNOWLEDGEMENTS: Supported by INVEST grant from NIDA DA 04128 and DA 02632
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PHARMACOLOGICAL MECHANISMS IN THE DISCRIMINATIVE STIMULUS EFFECTS OF
BENZTROPINE ANALOGS

J. B. Acri; A. H. Newman; R. H. Kline; and J. M. Witkin

Drug Development Group, Psychobiology Section, NIDA-Addiction Research Center, Baltimore,
Maryland

Benztropine inhibits the reuptake of dopamine with potency equivalent to that of cocaine, but it does not share
the behavioral profile of classic psychomotor stimulants. Based upon these behavioral differences, it has been
suggested that benztropine may have therapeutic utility as a replacement therapy for treatment of cocaine
dependence. The subjective effects of benztropine have been explored in a preclinical model using drug
discrimination procedures. Previous work has suggested that substitution for the discriminative stimulus
effects of benztropine is determined primarily by antagonist effects at M, cholinergic receptors. In the
present study, Sprague-Dawley rats (n=12) were trained to discriminate 3 mg/kg benztropine from vehicle
using standard operant techniques. Evaluation of a series of 3°, 4’- and 4°,4”-substituted benztropine analogs
with varying affinities for both MI receptors and the dopamine transporter yielded varying degrees of partial
substitution. Over 75% substitution was achieved with 3’-Cl, 2°-F, 4’-Cl, and 4’,4”-diF benztropine analogs,
despite a range of affinities for the dopamine transporter, whereas EDsys for these compounds were correlated

with M, affinity. Benztropine analogs with relatively lower affinity for M, sites, 4’,4”-diC1 and N-nor-4’,4”-

diF analogs, did not substitute for the discriminative stimulus effects of benztropine. However, the b-4’-Cl and
2’-NH2 analogs did not substitute for the discriminative stimulus effects of benztropine despite their high
affinity for M, sites, although they did produce decreases in rates of responding. Although blockade of M,
cholinergic receptors appears to be the primary determinant of benztropine substitution, further
pharmacological evaluation is underway to clarify mechanisms involved in the subjective effects of these
compounds.

LEWIS AND FISCHER RAT STRAIN DIFFERENCES IN ACQUISITION BUT NOT
MAINTENANCE OF COCAINE BEHAVIORS

T. A. Kosten; M. J. D. Miserendino; J. L. DeCaprio; C. N. Haile; and E. J. Nestler
Division of Substance Abuse, Yale University School of Medicine, New Haven, CT

Lewis (Lew) and Fischer 344 (F344) inbred rat strains differ in behavioral and biochemical responses to drugs
of abuse and may provide a model to study genetic factors involved in vulnerability to drug abuse. To test this,
we compared Lew and F344 rats in acquisition of cocaine (COC) self-administration. Rats (n’s=10-20),
implanted with chronically-indwelling jugular catheters, were allowed 15 days to acquire this operant at one of
three training doses (0.25, 0.5, or 1.0 mg/kg/infusion) in daily, 2 hr sessions (FR1). Acquisition was defined
as when active lever bar press rates exceeded the 99% confidence interval of inactive bar press rates for three
consecutive days. Rats that acquired were tested for dose-related responding. Compared to F344, Lew rats
acquired COC self-administration at lower doses and after fewer training trials. Yet, there were no strain
differences in dose-related responding after acquisition. Other Lew and F344 rats (n_s=5-8) were trained to
discriminate COC (10 mg/kg, i.p.) from vehicle in a two-lever, food-reinforced (FR10) procedure. Once COC
demonstrated control over behavior (6 consecutive days of > 90% drug-appropriate responding),
generalization tests with COC (0.3-10 mg/kg) were run. No strain differences in acquisition of COC
discrimination were seen; the number of trials to reach criterion were 42.7 = 6.8 for Lew and 35.9 + 3.4 for
F344 rats. Dose-related responding to COC was demonstrated, with no strain differences: EDs,, were 1.2
mg/kg (Lew) and 1.8 mg/kg (F344). Compared to F344 rats, Lew rats had higher response rates across doses.
Finally, COC plasma levels were assessed in Lew and F344 rats (n_s=5) from 5-30 min after i.v. COC (1
mg/kg; 10 sec) infusions and no strain differences were seen. Strain differences in acquisition but not
maintenance of COC behaviors are likely not due to pharmacokinetic differences and may be related to
differences in the mesolimbic dopamine system. These results provide support for me use of these strains to
study factors underlying vulnerability to COC abuse.

ACKNOWLEDGMENTS: Peter Jatlow, M.D. for cocaine plasma assays; NIDA for grant support (DA04060,
DAO08227) and cocaine.
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STRESS, CORTICOSTERONE AND THE DISCRIMINATIVE STIMULUS PROPERTIES
OF COCAINE

J. R. Mantsch and N. E. Goeders*

Department of Pharmacology & Therapeutics and *Departments of Pharmacology &
Therapeutics and Psychiatry, Louisiana State University Medical Center, Shreveport, LA

The ability of the interoceptive cues produced during stress to substitute for the discriminative stimulus
properties of cocaine was investigated. Adult male Wistar rats were trained to discriminate cocaine (10 mg/kg
i.p., n=10; or 20 mg/kg i.p., n=6) from saline using a two-choice, operant, food-reinforced, drug discrimination
task. Restraint stress (15 min.) administered immediately following an injection of saline (i.p.) partially
substituted for cocaine (10 and 20 mgkg) without affecting discrimination when delivered following injections
of either dose of cocaine. Intermittent electric footshock (15 min. session, 0.6 mA, 0.5 msec duration, every
30 sec.) and conditioned fear (10 sec. tone and stimulus light paired with the delivery of electric footshock under
a random-interval 5 min. schedule during daily 60 min. sessions for 2 weeks) each also partially substituted for
both doses of cocaine when administered following injections of saline. Similarities between the
discriminative stimulus properties of stress and cocaine supports the hypothesis that these interoceptive cues
are produced by the activation of common effector systems. Since corticosterone secretion is enhanced during
stress as well as following cocaine administration, the role of corticosterone in the discriminative stimulus
properties of cocaine was investigated using the adrenocorticosteroid synthesis inhibitor/ Type II receptor
antagonist, ketoconozole. Pretreatment with ketoconozole (25, 50, or 100 mg/kg i.p) failed to attenuate the
discriminative stimulus properties of cocaine in rats trained to discriminate cocaine (10 mg/kg) from saline.

ACKNOWLEDGEMENTS
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CHARACTERIZATION OF THE ROLE OF 5-HT, NE, AND DA IN THE
DISCRIMINATIVE STIMULUS EFFECTS OF COCAINE

M. S. Kleven and W. Koek
Centre de Recherche Pierre Fabre, 17 ave Jean Moulin, 81106 Castres, France

Dopaminergic mechanisms are thought to be responsible for many of the behavioral effects of cocaine, but
there is also evidence that other monoamines may be involved in, for example, its discriminative stimulus

(DS) and reinforcing effects. In order to further analyze the role of 5-HT and NE in the DS effects of cocaine,
rats (N=18) were trained to discriminate a low dose (2.5 mg/kg, i.p.) from a high dose of cocaine (10 mg/kg) in
a two-lever, FR10 drug discrimination paradigm, and the ability of monoamine reuptake blockers to enhance
the effects of the low training dose was examined by administering compounds (t-30 min, i.p.) in combination

with the low dose (t-15 min). The 5-HT reuptake blockers fluoxetine (EDs,: 3.4 mg/kg), paroxetine (1.3), and
alaproclate (4.4), the NE reuptake blockers desipramine (0.58), nisoxetine (7.1), and nortriptyline (4.6), the

mixed compounds bupropion (6.4), cocaine (1.7), imipramine (5.3), mazindol (0.38), and nomifensine (1.3),

and the DA reuptake blocker GBR 12935 (5.7) all produced high-dose lever (HL) selection in a dose-related
manner, with maximal effects of 80-100% HL selection. Because NE and 5-HT reuptake blockers engendered
HL selection only when administered in combination with cocaine, these results indicate that the DS effects of
the high dose of cocaine are mimicked by the addition of a low dose and 5-HT and/or NE reuptake blockade.

Although these findings may be explained by 5-HT/DA or NE/DA interactions, they are also consistent with
the idea that 5S-HT and NE are important components of the DS effects of cocaine in the rat.

81



SUBTLE DIFFERENCES IN THE DISCRIMINATIVE STIMULUS PROPERTIES OF IV COCAINE
VERSUS GBR 12909 IN RATS

S. R. Tella and S. R. Goldberg

Georgetown University School of Medicine, Washington, D. C. and NIH/NIDA IRP/ARC, Baltimore,
MD

The ability of cocaine to bind to dopamine transporters is considered the primary mechanism by which it
produces its strong reinforcing and behavioral effects. Recently, we have reported that IV cocaine, besides
producing dopamine-dependent effects, also produces initial brief and intense behavioral and cardiovascular
effects, that appear to be independent of dopamine, serotonin, or norepinephrine transporters or sodium
channel mechanisms. Dopamine-selective reuptake inhibitor, GBR 12909, norepinephrine-selective reuptake
inhibitors, desipramine and nisoxetine, serotonin-selective reuptake inhibitor, fluoxetine, and sodium channel
blockers, lidocaine, lack these initial effects (Tella, 1996). In the present study using an IV drug discrimination
procedure, we further evaluated the differences between cocaine and GBR 12909. Male Sprague-Dawley rats
in group 1 were trained to discriminate cocaine (1 mg/kg) from saline (1 ml/kg), while rats in group 2 were
trained to discriminate cocaine (1 mg/kg) from GBR 12909 (1 mg/kg) or saline (1 ml/kg), using a fixed ratio
10 schedule of food reinforcement. Rats in both groups learned the required discriminations. However, rats in
group 2 needed approximately twice the sessions as rats in group 1. Cocaine (0.3-3 mg/kg) dose-dependently
substituted for cocaine in both groups. In contrast, GBR 12909 (0.56-1.56 mg/kg) and its analog, GBR 12935
(0.3-1.56 mg/kg), dose-dependently substituted for cocaine in group 1, but not in group 2. The norepinephrine-
selective reuptake inhibitors, nisoxetine and desipramine, the serotonin-selective reuptake inhibitor, zimeldine
or sodium channel blocker, lidocaine, produced little or no substitution for cocaine in either group. These data
indicate that there are differences in the discriminative stimulus effects of IV cocaine versus GBR 12909.
These differences appear to be independent of the effects of cocaine on dopamine, norepinephrine or serotonin
transporters or sodium channels.

REFERENCES: Furnished on request of senior author. Supported by NIDA #DA08830 and NIDA IRP.

COMPARISONS OF REINFORCING AND DISCRIMINATIVE STIMULUS EFFECTS OF LV.
COCAINE IN RHESUS MONKEYS

T. A. Tatham'; J. M. Rhoads'; and J. R. Glowa"?

Department of Psychiatry, Uniformed Services University of the Health Sciences' and LMC/NIDDK?,
Bethesda, Maryland

The reinforcing and discriminative effects of cocaine were compared in different groups of four rhesus
monkeys each. Reinforcing effects were studied on responding maintained under a multiple fixed-ratio (FR)
30 food, FR 30 cocaine-delivery, TO 10 min schedule. Responding was well-maintained when the unit dose
and number of drug deliveries per component were reduced to 10 pg/kg/inj and one delivery per component.
However, lower unit doses failed to consistently maintain responding. Discriminative stimulus effects of
cocaine were studied by first training the monkeys to discriminate i.v. injections of cocaine (100 pg/kg) from
saline, using FR 40 schedules of food presentation, and then fading the training dose to lower doses of cocaine.
Under these conditions discriminative control could not be maintained with doses lower than 17 pg/kg. These
results suggest that cocaine exhibits reinforcing effects at doses slightly lower than those capable of sustaining
drug discrimination, and imply that the reinforcing and discriminative effects of cocaine are dissociable.
However, it may be possible to obtain comparable thresholds for discrimination and self-administration by
refining the drug discrimination techniques employed in this research.
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EVALUATING THE PHENCYCLIDINE-LIKE DISCRIMINATIVE STIMULUS EFFECTS
OF IBOGAINE IN RATS AND MONKEYS

H. E. Jones; H. Li and R. L. Balster

Department of Pharmacology & Toxicology, Medical College of Virginia-Virginia
Commonwealth University, Richmond, Virginia

Many drugs which share phencyclidine’s (PCP) discriminative stimulus properties also displace PCP from its
binding site and antagonize N-methyl-D-aspartate (NMDA) induced excitation of central neurons. Based on in
vitro results demonstrating ibogaine’s (IBO) affinity for the NMDA receptor coupled cation channels (Popik ef al.
1994; Mach et al. 1995), the present study examined the PCP-like discriminative stimulus effects of IBO in rats
and monkeys. Lysergic acid diethylamide (LSD), a hallucinogen without known actions at NMDA receptors,
served as a reference compound. The PCP-like effects of IBO were examined in rats trained to discriminate PCP (2
mg/kg, i.p.) from saline under a 2-lever fixed-ratio (FR) 32 schedule of food reinforcement. IBO (5-20 mg/kg,
i.p.) showed a complete lack of substitution, although the highest dose produced substantial reduction in response
rates. IBO also failed to generalize in rhesus monkeys trained 10 discriminate PCP (0.1 mg/kg, i.m.) from sham
injection under a FR 50 schedule of food reinforcement. Behavioral activity was observed with higher doses (24
mk/kg, i.m.) suppressing response rates. LSD also occasioned little responding on the PCP-associated lever in
either rats or monkeys. These data provide additional support for the body of evidence showing important
differences between the behavioral effects of PCP and other types of hallucinogenic drugs such as LSD and IBO.
In addition, no evidence was obtained in either rats or monkeys to support a hypothesis that the affinity of IBO
for the PCP-site on NMDA receptors plays a major role in its acute behavioral effects.
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DIZOCIPLINE (MK801): DRUG DISCRIMINATION AND RECEPTOR BINDING STUDIES

W. D. Wessingerl; T J Hudzikz; M. V. Mattson® and A. Thurkauf

"Univ. Arkansas for Medical Sciences, Dept Pharmacology and Toxicology, Little Rock, AR; ? Astra-
Arcus, Rochester, NY; I NIDDK, Lab Med Chem, Bethesda, MD; g Neurogen, Branford, CT

White Carneux pigeons were trained to discriminate 0.13 mg/kg (+)MKS801 from saline under a second-order
(FR10(FRS5)) schedule of reinforcement, The following drugs substituted for the training drug completely
(280% drug-appropriate responding) and are listed in order of potency (mol/kg): (+)MK801 > phencyclidine
(PCP) > dexoxadrol = (+)N-allyl-normetazocine ((+)SKF10,047) > (+)CPP > (-)SKF10,047 > N-ethyl-1,2-
diphenylethylamine (CP376). (-)MKS801, dextromethorphan and pentobarbital produced between 60-80%
drug-appropriate responding. Morphine, d-amphetamine, cocaine and levoxadrol did not substitute ( < 20%
drug-appropriate responding). Displacement curves for ["H]MK801 were conducted in well-washed brain
(minus cerebellum) homogenates (glutamate and glycine added) from Sprague-Dawley rats and from pigeons.
In rat brain, the rank order of potency was (K;, nM): (+)MK801 > (-)MK801 > dexoxadrol > PCP > CP376 >
(+)SKF10,047 > (-)SKF10,047 >> levoxadrol. Pentobarbital, (+)CPP, morphine or cocaine were without effect
on [3H]MK801 binding. In pigeon brain the order of potency for displacement of [3H]MK801 in the 4
compounds studied was: (+H)MKS801 > (-)MKS801 > CP376 >
(-)SKF10,047. With a few exceptions, there was a good correlation between potency as a MK801-like
discriminative stimuli and displacement of [3H]MK801 for compounds which act as non-competitive NMDA
antagonists.
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CRITICAL ROLE OF GLUTAMATE DURING OPIOID WITHDRAWAL
L K. Ho and S. Tokuyanra *

University of Mississippi Medical Center, Jackson, MS and *Nagasaki University, Nagasaki, Japan

To investigate the role of glutamate during opioid withdrawal, rats were continuously infused with morphine
(26 nmol/ul/h) or butorphanol (26 nmol/ul/h) intracerebroventricularly (i.c.v.) via osmotic minipumps for
three days. A direct i.c.v. (5 or 50 nmol/5 pul or locus coeruleus (LC; 1 or 10 nmol/5 pl) injection of
glutwnate dose-dependently induced withdrawal signs in opioid-dependent animals. The withdrawal signs
precipitated by glutamate were comparable to those precipitated by an opioid receptor antagonist, naloxone
(i.c.v.; 48 nmol/5 pl, LC; 24 nmol/5 pl), except for the expression of some specific behaviors and the duration
of withdrawal signs, The expression of withdrawal signs precipitated by glutamate or naloxone was completely
blocked by pretreatment with MK-801 (an NMDA receptor antagonist; 01 mg/kg, i.p). On the other hand,
glutamate or naloxone failed to precipitate any withdrawal signs in saline-treated control animals. These
unique actions of glutamate in continuously opioid-infused rats suggest that a rapid release of glutamate in the
LC region plays a critical role during opioid withdrawal. Furthermore, this effect may be mediated by the
NMDA subtype of glutamate receptors.
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THE CHANGES OF cCAMP-DEPENDENT PROTEIN KINASE ACTIVITY IN THE SPINAL CORD
IN THE MORPHINE DEPENDENT RATS

Z. WenHua; Z. Bo; Z. FuQiang; and Y. GuoDong
Ningbo Institute of Microcirculation and Henbane, Ningbo, P. R. of China

The mechanisms underlying narcotic dependence remain largely unknown. The present study was to
investigate the changes of cAMP-dependent protein kinase (PKA) and norepinephrine (NE) contents within the
spinal cord in the morphine-dependent rats. The activity of PKA was quantified by measuring the difference of
incorporation of 32p into histone (IIA) with or without cAMP. The activity was assumed to reflect PKA
holoenzyme. Norepinephrine contents were analyzed by HPLC-ECD method. PKA activity decreased in
spinal cord in morphine-dependent rats, showing activation of PKA in the spinal cord by systemic chronic
administration of morphine. When the morphine-dependent rats treated with naloxone (2 mg/kg), the PKA
activity was increased from 22+7 pmol pi /min.mg protein (n=8) to 125+18 pmol pi/min.mg protein (n=8),
which is not different from that of control (110£19 pmol pi/min.mg protein, n=8). However, decrease or
enhance of cAMP contents, non-difference or attenuation of NE contents in the spinal cord were observed in the
morphine dependence or naloxone-precipitated withdrawal. The increase of both NE release and cAMP
contents during the withdrawal are inconsistent with the changes of PKA in the spinal cord, which could not
account for upregulation of cAMP pathway. These results suggested that activation or inactivation of PKA in
the spinal cord play an important role in the morphine dependence and withdrawal.

84



DIHYDROETOKPHINE (DE) EXHIIITS ATYPICAL PHYSICAL DEPENDENCE IN THE
CHRONICALLY INFUSED RAT

G. A. Patrick; W. T. Hawkins; and L. S. Harris

Department of Pharmacology and Toxicology, Medical College of Virginia/Virginia
Commonwealth University, Richmond, Virginia

There have been a number of recent reports that dihydroetorphine (DE), a potent opiate analgesic, has little or
no propensity to cause physical dependence. To evaluate this claim, DE was tested in rats that were infused
chronically with the drug by the IP route. DE was examined in a substitution study, in which its ability to
suppress signs of abstinence in morphine-dependent rats was assessed, as well as in a study of primary physical
dependence, in which the emergence of signs of abstinence upon withdrawal from chronic treatment with DE
was assessed. In the substitution study, rats were infused constantly with morphine sulfate for six days, then
with DE (5, 10, 20 or 40 pg/kg/day), saline (vehicle), or morphine (positive control) for 48 hr (4-6 rats/group).
During the substitution phase, body weight and behavioral signs of abstinence were recorded twice daily.
Changes in body weight between groups were evaluated with the t-test, and behavioral signs of abstinence
between groups were compared with the Mann-Whitney test. Behavioral signs of abstinence were suppressed
by substitution of DE in a dose-related manner. In preventing weight loss associated with abstinence, all of the
tested doses of DE were significantly less effective than was continuation of morphine. In the primary physical
dependence study, rats were infused constantly for six days with DE on an incremental dosing schedule, such
that final doses were 10, 20. and 40 pg/kg/day (4-8 rats/group). Following the DE infusion, saline was infused
for four days, and data were recorded and analyzed as described above. Behavioral signs of abstinence were not
significantly different from signs in rats that were undergoing concomitant withdrawal from morphine.
However, all DE-withdrawn groups exhibited significantly less weight loss than the morphine-withdrawn
group. In conclusion, these data suggest that DE is capable of producing physical dependence that is
qualitatively similar to morphine; but the dependence is atypical in that the effects on body weight with DE
abstinence or substitution are less pronounced than with morphine, while the effects on behavioral signs of
abstinence arc equal to those of morphine. This could be interpreted as being indicative of a milder abstinence
syndrome.
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DIHYDHOETORPHINE (DHE): AN OPIOID WITH A LOW PHYSICAL DEPENDENCE
CAPACITY IN RHESUS MONKEYS

M. D. Aceto; E. R. Bowman; and L. S. Harris

Department of Pharmacology and Toxicology, Medical College of Virginia/Virginia
Commonwealth University, Richmond, VA

The hypothesis that DHE, a thebaine-oripavine derivative, would have a low physical dependence capacity was
based on the suggestion by Shen and Crain, (1994) that selective activation of inhibitory rather than excitatory
opioid functions predicted low dependence liability. Single doses of DHE, dose-dependently substituted
completely for morphine, in maximally dependent primates, at doses of 3 and 15 x 10~ mg/kg, s.c. However,
in a primary physical dependence study, DHE was given chronically to 5 drug-naive subjects over an 8-fold
dose range, 4 to 6 times a day. Naloxone challenges, on days 16, 31, and 43, at doses up to 11 times that
which would precipitate withdrawal in morphine-dependent monkeys. proved unremarkable. In addition, no
withdrawal syndrome was observed during abstinence. DHE may be useful in the therapy of opioid abuse.
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ACUTE DEPENDENCE IN HUMANS; THE RELATIVE POTENCY OF NALOXONE
AND NALTREXONE IN PRECIPITATED WITHDRAWAL

M. L. Stitzer; T. Eissenberg, R. E. Johnson; and 1. A. Liebson
Johns Hopkins University School of Medicine, Baltimore, Maryland

The naltrexone package insert recommends a 0.8 mg s.c. naloxone challenge to detect residual opioid
dependence prior to starting patients on oral naltrexone at an initial 25 mg dose. This implies that parenteral
naloxone has a much greater potency than oral naltrexone for precipitating opioid withdrawal We examined
the relative potency of i.m. naloxone and i.m. naltrexone for precipitating withdrawal in an acute dependence
procedure chosen to simulate the sub-clinical levels of physical dependence that might be present in some
patients presenting for treatment. Six non-dependent opioid-experienced volunteers were pretreated with 30
mg/70 kg i.m. morphine, and then challenged with placebo, 1, 3, or 10 mg.70 kg i.m. naloxone, or 1, 3, or
10 mg/70 kg i.m. naltrexone 24 hours after pretreatment. Mild withdrawal symptoms were observed following
all active antagonist doses; 1 mg/70 kg produced less intense effects than 3 or 10 mg/kg, with the latter
producing simular effects. Both peak effect and area under the curve measures showed equivalent potencies for
naloxone versus naltrexone. This finding suggests that the package insert is misleading; naloxone doses higher
than 0.8 mg may be needed to predict effects of 25 mg oral naltrexone, even after correcting for oral versus
parenteral potencies. The apparent ceiling in precipitated withdrawal effects above 3 mg/70 kg in this study
may be due to limited underlying levels of dependence. Studies conducted at higher dependence levels would be
useful to extend these findings.
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EFFECTS OF DYNORPHIN ON OPIATE ADDICTION IN HUMANS
S. Specker; W. Wanaukul; K. Nolin; D. Hatsukami; and P. Pentel

Departments of Psychiatry, Medicine and Pharmacology, University of Minnesota
Medical School, Minneapolis, Minnesota

Dynorphin A 1-13 (DYN) suppresses opiate withdrawal in rats. Its potential use in opiate dependent humans is
therefore of interest. The objectives of the current study are to determine in humans the effects of various doses
of DYN on opiate withdrawal, craving for opiates and safety. We conducted a between subject, double-blinded,
placebo controlled study in 32 opiate dependent subjects. Subjects were maintained on morphine 15 mg IM
q.i.d. for three days; 24 hours after the last dose of morphine, when mild withdrawal was present, subjects
received a single i.v. bolus dose of placebo, 150, 500, or 1000 pg/kg DYN. There were no changes in blood
pressure, heart rate, respiratory rate, EKG or tibial nerve evoked potentials throughout the study. No serious
side effects were observed but numbness, itching and pins/needles symptoms were reported more frequently in
the drug conditions (p<.05). A significant decrease on the observer withdrawal checklist was seen in the 150
and 1000 pg/kg conditions as compared to placebo (p<.05). On the agonist/antagonist scale, nervousness
(p<.05), runny nose (p<.05), sneezing (p<.01), and painful joints (p<.05) were significantly decreased in the
500 pg/kg condition as compared to placebo. Other ‘subjective measures of withdrawal, drug liking, and
craving were not affected by DYN. We conclude that DYN is well tolerated and has a modest effect in reducing
mild opiate withdrawal in humans. These effects were not dose related.
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DESIGN AND SYNTHESIS OF TECHNEPINE: THE FIRST IN VIVO
" TECHNETIUM SPECT PROBE WHICH LABELS THE DOPAMINE TRANSPORTER

P. C. Meltzer; P. Blundell; A. G. Jones; A. Mahmood; R. E. Zimmerman; B. Garada B.
L. Holman: and B. K. Madras

Organix Inc., Woburn, MA and Harvard Medical School

The dopamine transporter (DAT) is the binding site for cocaine and has been implicated in the addictive

properties of this drug. Furthermore, DAT density has been demonstrated to change consequent to chronic
cocaine abuse. The depletion of the DAT in the striatum is also a well-established marker for a number of
physiological states, including Parkinson’s disease (Pd). Consequently quantitative imaging of the DAT may
have relevance for chronic cocaine abuse, as well as for the presymptomatic diagnosis of neurological diseases

such as Pd. We now describe the design and synthesis of technepine, the first successful receptor based 99mTe
agent which provides in vivo SPECT images in primates. This unique 99mTc-labeled tropane binds potently

(ICs5o = 6.0 nM) and selectively (SHT:DAT = 21; in vivo selectivity [striatum:cerebellum] > 4) to the DAT.
Specifically, a mono amine, mono amide Tc chelating unit has been bound by a propyl tether to WIN35,428.
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EXPERIMENTAL MODEL FOR ASSESSING OPIOID EFFECTS IN VOLUNTEERS
UNDERGOING OPIOID WITHDRAWAL

R.V. Fant; E. C. Strain*; 1. A. Liebson* and G. E. Bigelow*

NIH, NIDA, IRP (Addiction Research Center) and *Johns Hopkins University School of
Medicine, Baltimore, MD

The purpose of the current research was to examine a new model for assessing the ability of compounds to
alleviate spontaneous withdrawal symptoms in opioid-dependent volunteers. Opioid-dependent adults resided on
a clinical research ward throughout the study and were maintained on hydromorphone, orally administered daily
in four 10 mg doses given at 7 am, 11 am, 5 pm, and 9 pm. For three of the six volunteers, maintenance doses

of oral hydromorphone regularly administered at 5 pm and 9 pm on the day prior to testing, and at 7 am on the

morning of testing were then discontinued so that volunteers experienced mild opioid withdrawal symptoms at
the time of testing (i.e., 22.5 hours after the last hydromorphone dose); for the other three volunteers, only the 9
pm and 7 am doses were eliminated prior to testing (i.e, 16.5 hours after the last hydromorphone dose).

Pharmacologic challenges occurred 2 times per week with at least two days separating challenges. Physiologic
measures and subject- and observer-rated behavioral responses were measured before challenges and for 2.5 hr
after drug administration. The current study compared the effects of butorphanol (0.375, 0.75, 1.5, 3 and 6 mg),

naloxone (0.1 and 0.2 mg), hydromorphone (5 and 10 mg), and saline placebo intramuscularly administered
under double-blind conditions. Six volunteers have thus far completed the protocol. Baseline measures of
subject- and observer-rated withdrawal were elevated prior to pharmacologic challenge in four of the six subjects
tested. The level of withdrawal in these subjects remained stable across the experimental sessions. The results
indicate that subjects abstaining from maintenance on hydromorphone-substitution treatment demonstrate opioid
withdrawal. In the four subjects who reported withdrawal at baseline across the ten challenge sessions,
withdrawal ratings and pupil diameters were decreased by hydromorphone challenges. These results indicate that
this methodology may be useful for testing the ability of compounds to alleviate spontaneous withdrawal.
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SYNTHESIS AND BIOLOGICAL EVALUATION OF BRIDGED PIPERAZINE AND PIPERIDINE
GBR ANALOGS

Y. Zhang’; R. B. Rothman f; C. M. Dersch f; J. S. Partilla f; J. L. Flippen-Anderson;i K. C. Rice

LMC, NIDDK, NM, Bethesda, MD, Clinical Psychopharmacology Sect., IRP, NIDA, NIH, Baltimore,
MD, *Lab for the Structure of Matter, Code 6030, NRL, Washington, DC

GBR 12909 and GBR 12935 are the first reported agents to have both high affinity and selectivity for the
dopamine transporter. Their promising biological properties, e.g.: slow dissociation rate, low intrinsic agonist
activity for the dopamine transporter and non-stimulant profile in humans, have led us to study and develop GBR
analogs as potential therapeutic agents for the treatment of cocaine abuse. In this study, we modified the
piperazine moiety of GBR and synthesized several groups of bridged piperazine and piperidine GBR analogs I,
I and II. The binding data for dopamine transporter (DAT) and serotonin transporter (SHTT) (labeled with
['**I]RTI-55) and dopamine reuptake (DAR) and serotonin reuptake (SHTR) inhibition (labeled with
[’H]GBR12935) show that compounds in series I generally possess high activity for both DAT binding and
dopamine reuptake inhibition. The compound with R; as methyl, R, as p-fluorophenyl shows the highest
affinity and selectivity [ICs, (DAT) = 8.0 nM, ICs, (DAR) = 9.6 nM; SHTT/DAT = 88, SHTR/DAR = 94].
Compounds in group II show moderate affinity and selectivity, whereas compounds in series III, hybridized
structures of cocaine and GBR derivatives, show higher affinity and selectivity. Racemic III bearing N-methyl,
bis -(para-fluorophenyl)methylether and a double bond has a binding affinity of 19 nM for the dopamine

transporter and 188 fold selectivity for the dopamine transporter over the serotonin transporter.

NOVEL COMPOUNDS REVEAL THAT NITROGEN-BASED DRUGS ARE NOT ESSENTIAL FOR
DOPAMINE TRANSPORTER BLOCKADE

B. K. Maa'rasl; Z. B. Pristupaz; H. B. Niznikz; A Y. Liang3; and P. C. Meltzer’

Harvard3 Medical Schooll, Southborough, MA, Clarke Institute of Psychiatryz, Toronto, Canada and
Organix” Inc., Woburn, MA

Drugs such as cocaine, methylphenidate and antidepressants that block monoamine transport are invariably
nitrogen- based. The nitrogen is presumed to be necessary for anchoring the drug to the same aspartic acid
residue on the transporter protein that bonds the nitrogen of a monoamine neurotransmitter. We developed a
novel series of drugs which possess no nitrogen and bind to the dopamine, serotonin and norepinephrine
transporters with relatively high affinity and various selectivity. In monkey striatum, O-914 bound to the
dopamine transporter (ICsy: 10.5 = 1.5 nM) and blocked [3H]dopamine transport in cos-7 cells transiently
expressing the human dopamine transporter cDNA (ICsy: 13 nM). This innovative series offers unique tools for
modeling drug-transporter complexes and highlights the potential for developing a new generation of non-
nitrogen containing drugs targeted to monoamine transporters and receptors.
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MODIFIED GBR 12909 ANALOGS AS POTENTIAL AGENTS FOR THE TREATMENT OF
COCAINE ABUSE.

D. B. Lewis*; D. M. Matecka*; R. B. Rothman§; C. Dersch§; J. Partilla§; A. Pert; J. Glowa*; A. E.
Jacobson*; and K. C. Rice*

*LMC, NIDDK, NM, Bethesda, MD and §CPS, IRP, NIDA, Baltimore, MD

Two new series of GBR 12909 and 12935 analogs were designed, synthesized and tested for their binding
affinity at the dopamine (DAT) and serotonin transporter (SERT), and for their ability to inhibit the uptake of
dopamine (DA) and serotonin (SHT). In series A, analogs 8 and 12 (R=F; het=2-thienyl, 2-furyl) displayed the
highest affinity for the DAT (2.2 and 1.8nM), and analogs 9 and 11 (R=H; het=2-thienyl, 2-furyl) the best
selectivity for inhibiting DA uptake (281 and 300-fold with respect to SHT). Among series B, analog 22 (R=F;
R,=2-indolylmethyl) was the most potent ligand at the DAT (Ki=0.7nM), and 21 (R=H; R,=2-indolylmethyl)
was the most selective in binding to the DAT (619 fold over SERT). In all, 38 analogs were synthesized and
tested, and the binding and uptake data gave valuable new information as to the structural, electronic, and steric
requirements for pharmacological activity at the DAT, and ultimately, potential use as therapeutic agents for
cocaine abuse.

R GBR12909; R=F; R,;=(CH,);Ph. GBR13069; R=F; R,=CH,C=CHPh
O 0‘/\N’—\NR GBR12935; R=H; R,=(CH,);Ph. GBR12783; R=H; R,=CH,C=CHPh
s 1 Series A; analogs 5-16. R=F,H; R,=(CH,);Het. or CH,CH=CH-Het.
Series B; analogs 17-38. R=F,H; R,;=CH,-(naphthalene, quinoline,
O indole, benzimidazole, benzothiophene, or benzofuran)

R

THE REINFORCING AND DISCRIMINATIVE STIMULUS EFFECTS OF 2B8-PROPANOYL-383-(4-
TOLYL)-TROPANE (PTT) IN MONKEYS

M. Nader; K. Grant; S. Nader; C. Hubbard; H. Davies; and S. Childers

Department of Physiology and Pharmacology, Bowman Gray School of Medicine, Wake Forest
University, Winston-Salem, NC

2B-propanoyl-36-(4-tolyl)-tropane (KIT) is a cocaine analog that binds with high affinity and selectivity to the
dopamine transporter. The purpose of these studies was to evaluate the behavioral, including reinforcing and
discriminative stimulus effects of PTT in rhesus monkeys. In Exp. 1, monkeys (N=3) were trained to self-
administer cocaine (0.03 and 0.1 mg/kg/inj, i.v.> under a fixed-interval (FI) 5-min schedule, during 4 hr sessions,
and the effects of presession administration of PTT (0.03-0.3 mg/kg, i.v.) and cocaine (0.3-5.6 mg/kg, i.v.) were
evaluated. When responding was maintained by 0.03 mg/kg/inj cocaine, PTT was approximately 10-fold more
potent compared to cocaine in decreasing cocaine self-administration, with an EDjs, value of 0.16 mg/kg
compared to 1.75 mg/kg for cocaine. When 0.1 mg/kg/inj cocaine was self-administered, PTT significantly
decreased cocaine-maintained responding and total session cocaine intake, with EDs, values of 0.12 and 0.24
mg/kg, respectively. In Exp. 2, the reinforcing effects of PTT (0.003-0.1 mg/kg/inj) were evaluated in monkeys
(N=4) responding under an FI 5-min schedule of cocaine (0.03 mg/kg/inj) presentation. PTT maintained
significantly lower response rates than cocaine (0.003-0.3 mg/kg/inj). In Exp. 3, the discriminative stimulus
effects of PTT (0.003-0.1 mg/kg) were evaluated in monkeys (N=3) trained to discriminate cocaine (0.2 mg/kg,
i.m.) from saline (0.5 ml). PTT substituted for cocaine in a dose-dependent manner and was at least 1 log-unit
more potent than cocaine; these effects persisted for 8 to 24 hrs. PTT’s long duration of action may be
responsible for this unique behavioral profile, in which PTT shares cocaine-like discriminative stimulus effects
but maintains low rates of drug-maintained responding.
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ANTAGONISM OF COCAINE’S REINFORCING EFFECTS BY AN ANTI-COCAINE
MONOCLONAL ANTIBODY IN RATS

K. M. Kantak; M. A. A. Edwards; M. A. Exley*; and B. S. Fox*

Department of Psychology, Boston University, Boston, MA and *ImmuLogic
Pharmaceutical Corporation, Waltham, MA

This study evaluated the efficacy of an anti-cocaine monoclonal antibody (mAb) for modulating the reinforcing
effects of cocaine. Eight male Wistar rats were progressively trained to self-administer 1 mg/kg/infusion cocaine
under FR1, FRS, and then FR5:F15 min schedules of drug delivery. Cocaine delivery under the FR5:F15 min
schedule maintained the highest rates of responding (2.2 responses/min), with average infusion rates of 7.5
infusion/hr and average inter-infusion-intervals of 11.4 min. Following the availability of 0.3-3.0
mg/kg/infusion doses of cocaine or saline, an inverted-U-shaped dose-response curve was generated. Beginning
24 hr after i.v. treatment with 4 mg of the anti-cocaine mAb (n=5), response and infusion rates associated with 1
mg/kg/infusion cocaine extinguished over 5 days in a saline-like pattern. Response and infusion rates returned
to baseline levels in all subjects by 20 days post-treatment. After treatment with an isotype-matched control
mAb (n=3), response and infusion rates remained at baseline levels. These findings are the first to demonstrate
that passive transfer of an anti-cocaine mAb can reversibly antagonize the reinforcing effects of cocaine in rats
using a schedule of drug delivery that resembles cocaine binge behavior in humans.
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DEVELOPMENT OF A THERAPEUTIC COCAINE VACCINE

B. S. Fox; K. M. Black; B. K. Bollinger; A. J. Botka; T. L. French; T. L. Thompson;
D. W. Andrews; P. A. Swain; M. A. Exley; and T. J. Briner

ImmuLogic Pharmaceutical Corporation, Waltham, MA

A therapeutic vaccine for the treatment of cocaine addicts is designed to induce anti-cocaine antibodies capable of
inhibiting cocaine’s reinforcing activity. A candidate vaccine was synthesized by conjugating a cocaine analog to
a protein carrier. Mice immunized and boosted with the vaccine achieved high titers of anti-cocaine antibodies
that were maintained for up to 6 months after the last boost. The antibodies recognized cocaine, norcocaine and
cocaethylene in a competition ELISA, but displayed little or no reactivity towards benzoylecognine or ecognine
methyl ester. High titer immune serum had a cocaine binding capacity of 8.5 uM, as measured by equilibrium

dialysis, and contained high affinity antibodies (4x10” - 2x10° M™"). Immunized mice were injected i.v. with 1

mg/kg [*H]cocaine. At 30 seconds, the cocaine-immune mice had significantly increased levels of cocaine in the
plasmacompared to control carrier-immune mice (2025 vs 440 ng/ml, p<0.001, n=10). Antibody binding to
cocaine led to a signficant reduction in distribution of cocaine to the brain in the immunized animals (1191 vs
2085 ng/g, p=0.003). Quantitative comparison with passive transfer of an anti-cocaine monoclonal antibody in
rat self-administration studies suggests that this level of inhibition will antagonize the reinforcing properties of
cocaine. The anti-cocaine antibodies did not detectably affect either the pattern of cocaine metabolism or the rate
of loss of cocaine from the plasma, and cocaine administration did not reduce the level of circulating anti-cocaine
antibody. Therefore, the antibodies should be able to inhibit the effects of repeated doses of cocaine. Together,
these data argue that a cocaine vaccine will be a powerful new tool for the treatment of cocaine addiction.
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HEPATITIS B IN INJECTION HEROIN USERS
R. McDermott; K. L. Sees; H. Robillard; K. Delucchi; and S. Hall,
San Francisco VA Medical Center and University of California, San Francisco

This primary purpose of this study was to investigate risk factors for Hepatitis B among Injection Heroin users.
Hepatitis status was known for 28 subjects; 10 were negative and 18 positive. All were male veterans in a
Methadone Maintenance Treatment Program at the San Francisco VAMC. We examined differences in drug and
sexual risk behaviors between negative and positive subjects. We expected Hepatitis B status to predict risk,
with negative status predicting higher risk. Negative patients were matched on age, ethnicity, sexual
orientation, cocaine use, combat history and marital status with Hepatitis B positive patients. All patients were
positive for Hepatitis C and negative for HIV. We administered the Risk Assessment Battery (RAB) which
assesses risk behavior for the last 6 months, a form of the RAB adapted for lifetime assessment and a
supplementary questionnaire that investigated non-injection drug use, sexually transmitted disease and medical
conditions. Hepatitis B negative patients demonstrated higher sexual risk behavior than positive patients;
negative patients used condoms less frequently, reported more female sexual partners, and greater frequency of
paying for sex. Access to clean needles, monogamous relationships and greater care in behavior following
discovery of infection did not explain these results. No difference between groups on drug risk were found.
These results do suggest that Hepatitis C spreads more readily than Hepatitis B in this population.
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TUBERCULOSIS SCREENING AT A SYRINGE EXCHANGE; FACTORS ASSOCIATED
WITH RETURNING FOR SKIN TEST INTERPRETATION

P. Friedmann; D. C. Perlman; M. P. Perkins; N. Salomon; D. Paone; S. V. de Garcia; Q.
Shi; and D. C. Des Jarlais

Efficient means of reaching drug users (DUs) for TB screening and preventive therapy are needed, particularly
active users not in drug treatment or primary medical care. Syringe exchange programs (SEP) have the potential
to deliver health interventions such as TB screening to a high risk population. We implemented a TB screening
program at a New York City SEP and analyzed the acceptance of screening and factors associated with the failure
to return for skin test interpretation. Participants were offered TB screening, were interviewed and received $15
at the time of skin test interpretation. From 4-1/96, of 650 exchange participants approached, 610 (94%)
consented. Thirty-three percent were female, 56% nonwhite, 35% homeless, 36% without health insurance,
62% not currently in drug treatment, and 57% using syringe exchange for > = 6 months. Fifty-seven percent
injected heroin, 40% cocaine. Five hundred and sixty-six (93%) returned for skin test readings and 531 (87%)
completed TB screening to date. In a logistic model not being homeless (OR 2.6, 95%CI:1.2-5.6), having
health insurance (OR 2.6, 95% CI:1.4-4.9) and believing HIV-related TB cannot be cured (OR 2.0, 95% CI:
1.04-3.9) were associated with not returning. Fourteen percent had > = 10 mm PPDs, 4% 5-9 mm PPDs, 73%
were PPD (-), 9% anergic and 0.5% with active TB were engaged in observed therapy. TB screening can be
conducted at an SEP with excellent acceptance and return rates. While measures to reduce incomplete return
rates are needed, perhaps targeted towards those with particular health beliefs, SEP are an important site for TB
services for active Dus, many of whom are not in drug treatment or primary medical care.
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HIV, HEPATITIS B, C AND DELTA IN A MODEL METHADONE MAINTENANCE
TREATMENT CLINIC IN ISRAEL

G. Bodner*; R. Hayward*; M. Gelkopf*; A. Bleich*; M. J. Kreek#; and M. O. Adelson*#

*Miriam and Sheldon G. Adelson Clinic for Drug Abuse, Treatment & Research: The
Sourasky Medical Center, Tel Aviv, Israel, #The Rockefeller University, NY, NY

Parenteral drug abuse is a major predisposing factor of a variety of infectious diseases, among which viral
infections, such as B, C, and delta hepatitis, and HIV are the most common. It is estimated that in Israel,
200,000 people have used illicit drugs at least once. 10,000 are considered as drug addicts - most of them use
opiates. Currently, there are about 8,500 drug addicts registered in a variety of authorities, 16% of them are
treated in methadone maintenance programs. The Adelson Clinic for Drug Abuse Treatment and Research at the
Tel-Aviv Medical Center, uses methadone pharmacotherapy in conjunction with the overall management
treatment. Since our clinic’s foundation, a total of 185 patients have received at least one dose of methadone
replacement treatment, with an overall retention rate of 66.3%, and a 6 months’ retention of 80.5%. However,
due to significant treatment policy changes adopted recently (to non-punitive counseling), the 6 months’
retention rate rose up to 91.1%. At present, there are 119 patients treated in our clinic: 22 women and 97 men,
with ages ranging between 21 -55 (mean 37). The methadone doses ranging between 5 mg/day (in those
undergoing detoxification program) to 155mg/d (mean 105mg/d). Most of our patients were tested routinely for
hepatitis B, C and delta, as well as for HIV on admission or during the early stages of treatment. We have found
4 patients out of 90 tested (4.4%) to be positive for HBsAg, 21 out of 68 patients (30.9%) had HBsAb, none
previously vaccinated, 49 out of 86 (57%) were positive for hepatitis C, only one out of 83 (1.2%) was a delta
hepatitis carrier, and 5 out of 102 patients (4.9%) were HIV positive. Four out of the five HIV positive patients
also had antibodies to hepatitis C. In conclusion, we have found that the hepatitis and HIV prevalence among
our clinic’s patients is lower than in earlier reports from the USA.

DRUG USE AND HIV RISK BEHAVIORS AMONG ASIANS IN SAN FRANCISCO
T. Nemoto; B. Aoki; K. Huang; H. Nguyen; A. Muriera; J. Aquino; and W. Wong

Asian American Recovery Services, San Francisco, CA

The research project identifed the patterns of drug use and HIV risk behaviors among Chinese, Filipino, and
Vietnamese drug users in terms of ethnicity, gender, and immigrant status, and examined the influence of
cultural factors on these behaviors. Using targeted sampling methods, we completed qualitative interviews
with 104 Asian drug users in San Francisco (35 Chinese, 31 Filipino, 26 Vietnamese, 6 Japanese, and 6 other
Asians and Pacific Islanders; 64% male; 63% immigrants) who were not currently in drug treatment programs.
In contrast to most Asian drug users in the drug treatment programs, who had never injected drugs, 20% of the
study sample were currently injecting drugs and 29% had ever shared needles. There were significant
differences between ethnic groups on types of drugs at first and current use (both p<.01). Most Chinese and
Filipino drug users started using marijuana, but cocaine or crack was the first drug for 58% of Vietnamese
drug users. Most Chinese (77%) and Vietnamese (85%) drug users were currently smoking crack or cocaine.
Among Filipino drug users, 45% were currently injecting or skin-popping heroin and 36% were smoking
crack. Chinese and Vietnamese took drugs with the same ethnic groups or other Asians, while drug user
networks among Filipinos were racially heterogeneous. Filipino drug users had been engaged in riskier
behaviors than the other groups, such as having sex with IDUs, having drug using sex partners, and having
sex on drugs (all p<.01). Asian drug users who are hidden from the street drug scene have been engaged in
HIV risk behaviors. Patterns of drug use, sexual behaviors, and characteristics of social networks among
Asian drug users are unique to their ethnicity, gender, and immigrant status.

ACKNOWLEDGMENT: Supported by NIDA grant DA09218
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WOMEN AT RISK: PSYCHOSOCIAL RISK FACTORS AND CONDOM USE IN
FEMALE IDUs

D. W. Brook and J. S. Brook
Department of Community Medicine, Mount Sinai School of Medicine, New York, NY

Hypotheses: 1) A mediational model best describes the inter-relationships of family, personality, and peer risk
factors, planning, and condom use. 2) Psychosocial protective factors mitigate the effects of risk factors on
condom use. The sample consisted of 209 female IDUs in treatment in an AIDS or a Methadone Maintenance
Clinic; half were HIV positive, and both needle sharers and non-needle sharers were present. A structured
questionnaire was administered individually by ethnically-matched interviewers. Subjects were assured of
confidentiality, and informed consent was obtained. Personality, family, peer, planning, and cultural factors
were assessed, as well as condom use. Pearson correlations and multiple hierarchical regression analyses were
used to analyze the results. The results supported the hypothesized mediational model, and the importance of
psychosocial protective factors in mitigating the adverse effects of risk factors on condom use. As regards the
HIV+ sample, personality attributes (e. g., risk-taking and self destructive behavior, low assertiveness, poor
impluse control, and low empathy), weak mother-child and sibling bonds, and significant other needle sharing
were related to little intention to use condoms and to less condom use. The findings indicated that many factors
related to condom use in HIV+ subjects differed from those in HIV- subjects. The findings point to prevention
and treatment strategies for reducing HIV transmission in female IDUs.

HIV INCIDENCE AMONG SYRINGE EXCHANGE PARTICIPANTS; THE
INTERNATIONAL DATA

D. C. Des Jarlais*; H. Hagan**; D. Paone*; and S. R. Friedman®

Beth Israel Medical Center, New York, NY*; Seattle/’King County Health Department,
Seattle, WA**; and NDRI, New York, NY"

Objective: HIV incidence among participants has typically been considered the “gold standard” for
evaluating HIV prevention programs.

Methods: We analyzed data from 15 different geographic areas in which HIV incidence was either dircetly
measured among syring exchange (SE) participants or could be estimated from trends in HIV seroprevalence.
The studies included SE programs in Europe (Amsterdam, Lund, London, Glasgow, England and Wales), North
America (Toronto, Tacoma, Portland, Montreal, New York, New Haven, Baltimore, Vancouver), Australia
(Sydney and Asia (Kathmandu).

Results: Fourteen of the 16 studies showed low rates of transmission of blood-borne viruses among SE
participants. With two exceptions, HIV incidence was low among SE participants (0-2/100 PYAR in low
prevalence areas, 2-4/100 PYAR in moderate to high prevalence areas). In the two studies with apparent high
rates of HIV incidence, potential causes include: multiple risk factors among IDUs (high injection frequencies,
high sexual risk behavior, multiple social disadvantages) and SE policies that limit secondary distribution of
syringes.

Conclusions:  Participation in SE programs is generally associated with a low risk for incidence HIV
infection. Additional research is needed to clarify the circumstances under which SE participation is not
sufficient to prevent HIV infection. Issues related to implementing SEs in developing countries also need be
addressed.
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OTHER RISKY PRACTICES AND MODES OF HIV TRANSMISSION OF INJECTING
DRUG USERS: BEYOND NEEDLES AND SYRINGES

C. B. McCoy; L. R. Metsch; P. Shapshak; S. M. Shah; N. L. Weatherby; S. Comerford;
and R. Needle*

University of Miami, Miami, FL, and *National Institute on Drug Abuse, Rockville, MD

Miami is one of the major centers of illegal drug activity and has a significant proportion of AIDS cases
among Injection Drug Users (IDUs). Since needle exchange programs are illegal and therefore do not exist in
the state of Florida, other HIV prevention activities including education and counseling must play a large role
in reducing the transmission of HIV among IDUs. While standard HIV counseling and prevention focus on
avoiding use of contaminated needle/syringes, the present study points out additional sources of risk. The use
of common paraphernalia, including cookers (containers for dissolving drugs), cottons (filters), and washwater
used to rinse needle/syringes and dissolve drugs, place IDUs in additional danger of infection. Data from the
NIDA-funded national and multi-site Cooperative Agreement indicate that IDUs inject frequently, averaging
more than 1,000 per day, per person and that almost half of all injecting drug users (49.2%) used other risk
paraphernalia (i.e., cottons, cookers, washwaters) that had been used by someone else in the last 30 days.
Furthermore, recent laboratory studies indicate that HIV-1 might be present in contaminated cottons, cookers,
and washwaters as well as in contaminated needles/syringes at shooting galleries. These findings suggest that
the sharing of injection paraphernalia could be potential sources for secondary transmission of HIV-1.
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EFFECTS OF GONADECTOMY ON DISCRIMINATIVE STIMULUS PROPERTIES OF
MORPHINE IN FEMALE AND MALE RATS

R. M. Craft and R. E. Bartok
Department of Psychology, Washington State University, Pullman, WA

Gender differences in drug addiction may reflect biological differences in sensitivity to the subjective or
reinforcing properties of abused substances. We reported last year that gonadally intact female rats were more
sensitive than males to the discriminative effects of morphine. The present study was conducted to determine
whether these sex differences are gonadal hormone-dependent, Female and male adult, Sprague-Dawley rats
were gonadectomized, and then trained to discriminate 3.0 mg/kg s.c. morphine from saline. Similar to
previous results using gonadally intact rats, the ED50 for morphine substitution in gonadectomized rats was
lower in females than in males (0.79 vs 1.57 mg/kg, respectively), although the time course of morphine
discrimination was highly similar between the two sexes. The p agonist, fentanyl (0.0018-0,01 mg/kg),
completely substituted for morphine in both sexes, at approximately the same dose. In contrast, the partial p
agonist, buprenorphine (0.003-0.03 mg/kg), completely substituted for morphine in all females tested, but
only in four of seven males. The p agonist, U69,593 (0.056-0.18 mg/kg), did not substitute for morphine in
either sex. Males were more sensitive than females to the response rate-decreasing effects of all four opioids.
Naltrexone (0.01-0.1 mg/kg) dose-dependently shifted the morphine dose-effect curve to the right in both
sexes, albeit to a slightly greater extent in gonadectomized females compared to gonadectomized males. The
present results are highly similar to those obtained in gonadally intact rats, suggesting that sex differences in
discriminative stimulus properties of morphine are not gonadal hormone-dependent in the adult rats.

ACKNOWLEDGEMENTS: Supported in part by funds provided for medical and biological research by the
State of Washington Initiative Measure No. 171.
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DIHYDROISTORPHINE (DHE) POTENTLY GENERATES SELF-ADMINISTRATION AND
HEROIN-LIKE STIMULUS EFFECTS

P. M. Beardsley and L. S. Harris

Department of Pharmacology & Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA

Male, Sprague-Dawley rats were trained to discriminatc 0.3 mg/kg heroin (HER) s.c. from vehicle (VEH) in a FR
10 (fixed-ratio 10), food-reinforced, operant procedure during daily (M-F), 15min experimental sessions. HER (0.03-
1.0 mg/kg), morphine (MOR; 0.3-9.0), and dihydroctorphine (DHE; 10 ng/kg-560 ng/kg) were then tested for
substitution for the 0.3 mg/kg heroin training dose. HER, MOR, and DHE dose-dependently produced near-100%
levels of heroin-lever responding at 0.3 mg/kg, 3.0 mg/kg, and 560 ng/kg, respectively. Additionally, rhesus
monkeys were trained to self-administer i.v. HER (10 pg/kg for Monkeys B, N, and H; 3 pg/kg for Monkey P)
during daily, 2-h experimental sessions under FR 10 Timeout 4-min schedules. VEH and doses of HER (1-30
pg/kg), codeinc (COD; 30-1000 pg/kg), and DHE (1-100 ng/kg) were then substituted for the heroin maintenance
doses. Results indicated that DHE served as a reinforcer at doses approximately >460x and >20, 000x more potent
than HER and COD, respectively. These results indicate that DHE potently produces the discriminative stimulus
effects of heroin in rats and is self-administered by rhesus monkeys. Given DHE’s reported atypically moderate
physical dependence liability in monkeys and rats (M. Aceto et al. & G. Patrick et al., CPDD Meetings 1996), DHE
appears to have all unique profile among the opiates. Supported by NIDA Contract 3-8200
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CENTRAL DISCRIMINATIVE EFFECTS OF MORPHINE (MOR) IN RATS: TRAINING VIA
INTRACEREBROVENTRICULAR (ICV) ADMINISTRATION

K. W. Easterling and S. G. Holtzman
Emory University School of Medicine, Department of Pharmacology, Atlanta, GA

There have been studies of the discriminative effects of centrally administered MOR in rats trained to discriminate
MOR systemically but the converse has not been done. This study was undertaken to determine the feasibility of
training rats to discriminate MOR administered ICV. In rats maintained on antibiotic chow (chloramphenicol,
0.04%), MOR was delivered to the lateral ventricle one hr prior to training or testing. Rats were trained to
discriminate between ICV injections of MOR (1-3 pg/3.0 pL) and saline/vehicle using a discrete-trial
avoidance/escape procedure. Stimulus control was achieved within 19 (+ 4.6) sessions. On generalization testing,
subjects responded on the MOR-appropriate lever at ICV MOR doses equal to, and greater than, their training dose,
while lower doses engendered saline-appropriate responding (EDs, = 0.00055 mg/kg). In contrast to the ICV training
dose, MOR administered SC 30 min prior to testing engendered MOR-appropriate responding only at a dose (EDs, =
0.56 mg/kg) 3 orders of magnitude higher. Similarly, levorphanol (SC), but not its dextrorotatory enantiomer
dextrorphan (SC; < 3.0 mg/kg), produced complete MOR-appropriate responding (EDs, = 0.05 mg/kg). Nalthrexone
(SC) produced a complete and dose-related attenuation of the effects of the training dose of MOR (EDs, = 0.02
mg/kg). The p-opioid selective peptide DAMGO (ICV; EDs, = 0.0001 mg/kg) and the enkephalinase inhibitor
SCH32615 (ICV; EDs, = 0.0003 mg/kg) also produced MOR-appropriate responding, while the p-opioid selective
peptide DPDPE (< 0.003 mg/kg) did not. These initial results indicate that the stimulus effects of ICV MOR are
pharmacologically similar to those of systemic MOR. Therefore, the present methodology may be useful for
investigating the stimulus effects of opioids, such as peptides, that are not behaviorally active when administered
systemically.

Supported in part by NIH Grant DA00541 and KOSDA00008 to S.G.H.
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COMPARISON OF MESOLIMBIC SINGLE NEURONAL RESPONSES BETWEEN
COCAINE AND HEROIN SELF-ADMINISTRATIONS

J. Yu Chang and D. J. Woodword

Department of Physiology and Pharmacology, Bowman Gray School of Medicine,
Winston Salem, NC

The aim of this study was to elucidale the neuronal mechanisms underlying cocaine and heroin self-
administration by study of the neuronal circuits involved in the self-administration behaviors. Using chronic,
multi-channel, single unit recording techniques, up to 32 neurons were simultaneously recorded from medial
frontal cortex and nucleus accumbens of rats trained in different sessions to self-administer cocaine and heroin.
The sessions either started with cocaine and were followed by heroin self-administration, or started with heroin
and were followed by cocaine self-adminstration. Self-administrations of the solution mixture with cocaine and
heroin were also tested. A subpopulation of neurons in both recording areas exhibited responses both before
(anticipatory responses) and after cocaine and heroin self-administration.. By comparing the neuronal activity in
separate cocaine and heroin self-administration sessions, about 30 to 40 percent of neurons displayed no
response in both sessions. A small percent of neurons (>20%) showed the same responses either before or after
both cocaine and heroin self-administrations. A majority of neurons responded differently to cocaine and heroin
self-administrations. Combining cocaine and heroin sometimes yielded different responses than observed with
cocaine and heroin self-administration alone. Some anticipatory response associated with cocaine self-
administration disappeared when cocaine and heroin in combination was employed, and this anticipatory
response could be reinstalled by injection of naloxone (1 mg/kg i.p.). Combinations of cocaine and heroin also
produce synergistic effect on post-drug infusion responses in both excitatory and inhibitory directions. This
synergistic effect was effectively blocked by naloxone. The results suggest that although mesolimbic system
as a whole is involved in both cocaine and heroin self-administration, separate neuronal circuits may be
responsible for each drug’s self-administration. The interaction between the two neuronal circuits may produce
circuit activation patterns not evident when these two drugs are administered alone. Supported by DA2338.

METHADONE, LAAM AND BUPRENORPHINE: DISCRIMINATIVE STIMULUS
EFFECTS IN MORPHINE-TREATED RHESUS MONKEYS

M. R. Brandt; S. R. Cabansag; and C. P. France

Dept. of Pharmacology, Louisiana State University Medical Center, New Orleans, LA
The purpose of the current study was to compare the discriminative stimulus effects of methadone,
buprenorphine, l-alpha-acetylmethadol(LAAM) and its metabolites in morphine-treated (3.2 mg/kg/day)
monkeys (n=5) discriminating between 0.01 mg/kg of naltrexone and saline while responding under a FR
schedule of stimulus-shock termination. Three hr following administration of the daily dose of morphine,
monkeys responded on the saline lever, whereas monkeys responded on the naltrexone lever following either the
administration of naltrexone (>0.01 mg/kg) or the substitution of saline for the daily dose of morphine (i.e., 27
hr morphine-deprived). In morphine-deprived monkeys, LAAM, nor-LAAM, dinor-LAAM, methadone and
morphine reversed naltrexone lever responding. In contrast, buprenorphine partially reversed naltrexone lever
responding in some monkeys and had naltrexone-like discriminative stimulus effects in other monkeys. The
discriminative stimulus effects of LAAM and methadone were antagonized by naltrexone and both drugs
enhanced the discriminative stimulus effects of morphine. Twenty-four hr after administration, buprenorphine
(3.2 mg/kg) shifted the morphine dose-effect curve <40 fold to the right in some monkeys (those that
responded predominantly on the naltrexone lever following buprenorphine alone) and shifted the naltrexone
dose effect curve <40 to the right in other monkeys (those that responded predominantly on the saline lever
following buprenorphine alone); both the agonist and the antagonist effects of buprenorphine were evident for
< 6 days. The duration of action of these drugs was: buprenorphine>> LAAM << morphine = methadone =
nor-LAAM - dinor-LAAM. This study demonstrates that methadone, LAAM and buprenorphine have
dissimilar pharmacologies in non-human primates and that the effects of buprenorphine vary among subjects
maintained on the same dose of morphine. These results further demonstrate that buprenorphine can attenuate
some effects while enhancing other effects of opioid agonists. Finally, whether long term blockade of opioid
receptors by buprenorphine will adversely affect endogenous opioid systems remains to be established.
Supported by USPHS DA05018.
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TASTE DISCRIMINATION OF OPIOIDS: IMPLICATIONS FOR ORAL SELF-
ADMINISTRATION IN MONKEYS

J. M. Aspen; K. C. Rice; and J. H. Woods

Univ. Chicago, Chicago, IL, NIDDK-NIH, Bethesda, MD and Univ. Michigan, Ann Arbor,
MI

Two experiments were designed to evaluate the taste effects of several opioid compounds. First, the effect of
pretreatment with the opioid antagonist naltrexone on the taste discrimination of methadone was examined, in
order to block any effects of methadone which are due lo its action at opioid receptors. Three rhesus monkeys
were trained to discriminate quinine from water in a two-lever, food-reinforced, operant procedure. It was
established that full generalization of methadone to the quinine training concentration [0.3 mg/ml] occurred at a
concentration of 0.56 mg/ml. After concentration-effect functions were determined for methadone, pretreatments
of 0.1 mg/kg naltrexone were administered 30 min before the methadone test sessions. Methadone’s quinine-like
potency was unaffected by naltrexone, indicating that naltrexone did not antagonize this taste characteristic of
methadone. Next, concentration-effect functions for morphine and levorphanol, which had similar quinine-like
potencies to methadone, were compared to their non-opioid stereoisomers. By studying compounds with
identical chemical structure, excepting their stereochemistry, it could be established whether the taste effects of
these drugs were mediated via an opioid mechanism Both stereoisomers generalized to quinine at almost
identical concentrations as their opioid counterparts, which indicates that compounds with different
stereochemistry have similar quinine-like characteristics. Taken together, these experiments show that taste
discrimination of opioid compounds is not mediated through opioid receptors, and is therefore likely to be
independent of the oral reinforcing effects of opioid compounds. The implication of this finding is that the
quinine-like characteristics of an opioid compound could be modified without altering its reinforcing effects.
Supported by USPHS Grants DA-00254, DA-08568 and DA-07267.

ANTAGONISM OF RESPONSE RATE-DECREASING EFFECTS OF MEPERIDINE IN
SQUIRREL MONKEYS

C. E. Hughes and L. A. Dykstra

Departments of Psychology and Pharmacology, University of North Carolina, Chapel
Hill, NC

The present experiment examined the response rate-decreasing effects of meperidine (MPD) using the
irreversible, mu-selective opioid antagaonist B-funaltrexamine (B3-FNA) and the competitive opioid antagonist
naltrexone (NTX). Four squirrel monkeys’ lever-pressing was maintained by a fixed-ratio 30 schedule of food
presentation. Dose-effect curves for MPD were determined alone and in combination with B-FNA (2.0, 4.0 and
8.0 mg/kg) and NTX (.001-1.0 mg/kg). When MPD and B-FNA interactions were redetermined 24hr, four days,
and, if the curve remained shifted, 11 and 18 days later. When MPD and NTX interactions were assessed, NTX
was administered prior to experimental sessions in which the MPD dose-effect curve was redetermined. Alone,
MPD dose-dependently decreased response rates. Each dose of B-FNA for two monkeys and the highest dose for
a third monkey, decreased response rates below 50% of control rates alone, and did not shift the MPD dose-effect
curve or shifted it to the left. For the third monkey, 2.0 and 4.0 mg/kg B-FNA and for the fourth monkey all
doses of B-FNA did not decrease response rates alone and shifted the MPD dose-effect curve 0.36-0.58 log unit
rightward for at least four days. Doses of 0.01 and 0.1 mg/kg NTX shifted the MPD dose-effect curve 0.43 and
0.27 log unit rightward, respectively, across the four monkeys. The largest dose of NTX produced rate-
decreasing effects alone, and the MPD dose-effect curve was not shifted. These data suggest that under
conditions in which B-FNA and NTX alone decrease response rates, they may not be useful tools for the analysis
of rate-decreasing effects of opioid agonists. When the antagonists did not produce rate-decreasing effects alone,
the rate-decreasing effects of MPD appear to be related to activity at the mu receptor.
ACKNOWLEDGEMENT: Supported by NIDA grants DA02749 and DA00033
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NOVEL BRANCHED CHAIN ALKYL ANANDAMIDE ANALOGS
R. K. Razdan; W. Ryan; J. Wiley; D. R. Compton; and B. R. Martin
Organix Inc., Woburn, MA and Medical College of Virginia, Richmond, VA

Several novel analogs 3 of anandamide (AN, R=Cs;H,,) were synthesized where the terminal pentyl side chain
(CsH;;) of AN was replaced by higher alkyl, monomethylalkyl and dimethylalkyl side chains. They were
synthesized from the known C,, aldehyde ester 1 by a Wittig reaction using the appropriate alkyl ylide. The
esters 2 thus formed were converted to the corresponding AN analogs utilizing the same procedure as in the
synthesis of AN. These analogs were evaluated for their binding affinity to the cannabinoid receptor (CB1) and
their in vivo activity in the spontaneous activity and the tail flick tests. Binding studies of these novel analogs
have shown that increasing the chain length and branching the chain enhances the affinity to the receptor.
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HEROIN VERSUS MONEY SELF-ADMINISTRATION BY MORPHINE-MAINTAINED HUMANS
S. D. Comer; E. D. Collins; R. W. Foltin; and M. W. Fischman

New York State Psychiatric Institute and College of Physicians and Surgeons of Columbia University,
New York, NY

Five heroin-dependent subjects, maintained on divided daily morphine doses, participated in a 3 to 4 week
inpatient heroin self-administration study. Each morning, subjects received a single intravenous (i.v.) injection
of heroin (6.25, 12.5, 25, or 50 mg/70 kg) or placebo, and each afternoon, they had the opportunity to self-

administer all, or part of, the morning sample dose. The afternoon self-administration task consisted of lo-trials
under a progressive ratio schedule (PR50, 100, ..., 2800). During each trial, subjects could respond for 1/10th of
the sampled heroin dose or 1/10th of -a single money value ($10, $20 or $40). The PR value increased
independently for each option. The total amount of heroin and/or money chosen during the self-administration
task was administered at the end of the task. Heart rate, blood pressure, pupillary diameter, and blood oxygen
saturation were collected repeatedly during each session. Behavioral effects (subjective and psychomotor task
performance) were assessed before and after heroin administration. Heroin produced a dose-related increase in
PR break point. The dose-response curve for heroin vs. $20 was shifted to the right of the curve for heroin vs.

$10. However, the dose-response curve for heroin vs. $40 did not significantly differ from the dose-response
curves for heroin vs. $10 or $20. Heroin produced dose-related increases in ratings of “Good Drug Effect,”

“High,” “Mellow,” and “Sedated,” and dose-related decreases in performance, pupillary diameter and blood
oxygen saturation. Thus, the availability of alternative reinforcers, depending on magnitude, may be effective in
reducing heroin use in opioid-dependent research subjects.
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MOLECULAR MODELING ANALYSES OF CANNABINOID AGONISTS AND
ANTAGONISTS

B. F. Thomas; B. R. Martin'; D. R. Compton+; and R. K. Razdan*

Research Triangle Institute, Research Triangle Park, NC, +Virginia Commonwealth
University, Richmond, VA and *Organix, Inc., Woburn, MA

The identification of fatty acid ethanolamides and aminoalkylindoles (AAI’s) possessing cannabinoid activity
and the discovery of the cannabinoid antagonist SR-141716A has dramatically extended the structural diversity
of compounds that can interact with the cannabinoid receptor. Since the three-dimensional structure of the
binding site(s) for these compounds is still being investigated, we have continued to characterize the structural
requirements for cannabinoid binding and activity using quantitative structure-activity relationship (QSAR)
analyses. Our studies with anandamide and other fatty acid ethanolamides have indicated that reasonable
pharmacophoric overlays with these compounds and classical and nonclassical cannabinoids can be obtained
Furthermore, these superpositions can be obtained with energetically favorable conformations. Finally, the
accurate prediction of the potency and affinity of these anandamide analogs by our QSAR model provides
evidence to support the relevance of the pharmacophoric overlay and suggests that these compounds could be
interacting at the same site on the cannabinoid receptor. With regard to the AAI’s, we have determined that
reasonable superpositions of AAI’s with classical cannabinoids can also be obtained. However, the extension
of the QSAR to include a range of AAI’s remains problematic. In addition, Reggio et al. (personal
communication) have reported that a single amino acid substitution in the cannabinoid receptor eliminates the
binding of the prototype AAI, WIN-55212-2, while having no effect on the binding of anandamides or
classical/nonclassical cannabinoids. Thus, any superposition of AAI’s to other cannabinoid agonists remains
speculative. Similarly, a reasonable superposition of the antagonist SR-141716A can be obtained, and SAR
analyses are being performed to determine if this superposition is pharmacologically relevant. Supported by
NIDA grant DA-0548-07

CONFORMATIONALLY RESTRICTED ANANDAMIDE ANALOGS
P. R. Fleming; D. L. Boring; J. C. Pinto; and K. C. Rice
LMC, NIDDK, NIH, Bethesda, MD

In order to address the effect of conformation on the binding of anandamide to the cannabinoid receptor, a series
of conformationally restricted anandamide analogs that incorporate a phenyl ring in the arachidonyl portion of
anandamide were prepared. The number of carbons in the restricted arachidonyl chain varied from 14 to 20.
The arachidonic acid analogs were prepared by sequential Wittig reactions starting from commercially available
bromobenzaldehydes (C,;, C4, and C,o series) or bromophenethyl alcohols (C,, series). The first Wittig
reaction installed the heptenyl side chain; the second Wittig reaction introduced the acid-containing side chain.
The acid was then converted to its ethanolamide by formation of its mixed anhydride with ethyl chloroformate
and treatment with ethanolamine. All three possible geometric isomers were prepared for the C,y and C,,
series. For the C;, and C,4 series, the ortho isomers were prepared. Preparation of the meta and para isomers
is currently underway. The anandamide analogs will be assessed for cannabinoid receptor binding affinity.
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SYNTHESIS, BINDING AND BIOASSAY STUDIES OF SNC 80 AND
RELATED NONPEPTIDIC DELTA OPIOID RECEPTOR AGONISTS

8. N. Calderon; J. Flippen-Anderson-; H. Xu*; X. M. Becketts*; R. B.
Rothman*, P. Davis§; F. Porreca§; K. C. Rice.

NIH, Bethesda, MD; NRL. Washington, D.C.; NIDA, Baltimore, MD,
Univ. of Arizona, HSC, Tucson, AZ

Recently, we have reported the synthesis, binding and bioassay studies of the nonpeptide delta @!) opioid
agonist SNC 80 [(+)-4-[(R)-0((2S,5R)-4-Allyl-2,5-dimethyl-1-piperazinyl)-3-methoxybenzyl]- N, N-
diethylbenzamide.1 This agonist was shown to be 2000 fold more selective for § over mu (p) opioid receptors,
in both in vitro and bioassays. In an effort to further characterize the chemical requirements for interaction at
the 8 opioid receptor, we replaced the methoxy group present in SNC 80, by a hydroxyl function, hydrogen,
fluorine and iodine. We also synthesized the enantiomers and benzylic epimers of each derivative. The
optically pure derivatives, were synthesized from the enantiomers of 1-allyl-trans-2,5-dimethylpiperazine. ~ The
enantiomers of the piperazine were obtained in >99% optical purity by optical resolution of the racemate with
the camphoric acids. Since the chirality of the starting material was known and the relative configuration of
one representative compound from each series was obtained by single crystal X-ray analysis, the assignment of
the absolute stereochemistry of the entire series could be made. From this first series of compounds, our
results showed that the fluoro and the iodo derivatives were the least selective. The compounds that retained
selectivity and high affinity at the® opioid receptor, in binding assays and potency in bioassays possessed the
relative stereochemistry of SNC 80 (alR*, 2 S*, 5R*). Studies with the compounds described in the isolated
mouse vas deferens (MVD) and guinea pig ileum (GPI) bioassays revealed that all were agonists with differing
degrees of selectivity for the & opioid receptors. Based on SNC 80 and its desmethoxy analog, we analyzed the
effect of chemical modification at the trans-2,5-dimethylpiperazine moiety. Bioisosteric substitution by oxygen
or by a methylene group of the N-4 of the piperazine moiety abolished the affinity of these compounds for §
and p receptors. ''S. N. Calderon, ef al., J. Med. Chem 1994, 37, 2125

RECEPTOR-BINDING ANALYSES OF CANNABINOID AGONISTS AND
ANTAGONISTS

H. B. Seltzman; D. F. Burch; M. J. Roche; A. F. Gilliam; and B. F. Thomas

Chemistry and Life Sciences, Research Triangle Institute, Research Triangle Park, NC
The recently identified orally-active cannabinoid receptor antagonist SR141716A was evaluated in saturation
and displacement assays in F344 rat brain preparations employing our radioligand [6-"H]SR141716A (*H-SR).
Simultaneous studies were performed with ["H]CP-55,940 (*H-CP) in order to compare the binding of this
agonist to that of the antagonist. A group of alternatively halo-genated SR antagonist analogs were also
prepared and tested along with SR141716A and cannabimi-metics comprised of D’-THC cannabinol,
cannabidiol anandamide, WIN-55,212-2, and CP-55,940 for their ability to compete for receptor labeled with
either *H-SR or “H-CP. The Ky, of each labeled compound was determined by Scatchard analysis, and the K;’s
for the unlabeled cannabinoids were calculated using EBDA/LIGAND. The results of the Scatchard analyses
were in agreement with pre-vious findings that each radioligand binds with high affinity to a homogeneous
population of sat-urable binding sites. Competition studies demonstrated high affinity for the analogs with a
4'-Br or a 4'-I replacement of the chlorine on the mono chlorophenyl ring of SR141716A, comparable to that
of the parent compound (in the 1 nM range). These studies also demonstrated displacement of *H-CP by all
compounds with rank order potencies in agreement with previous studies. However, the significantly different
K, values obtained in competition with *H-SR suggests different modes of binding of the tritiated agonist and
antagonist. This could be explained by binding at receptor subtypes or at distinct but overlapping sites on the
same receptor. Expressing the data as the ratio of the Ky's from H-CP versus "H-SR displacements (CP/SR),
gives ratios <l for known agonists and ratios of >1 for the SR compounds; an observation that serves to
quantify the different binding modes. By this expression, cannabidiol shows an antagonist value >1 in
agreement with earlier reports of its activity.
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AN IMPROVED SYNTHESIS OF SNC 80, A HIGHLY SELECTIVE DELTA OPIOID RECEPTOR
AGONIST

Xiaoyan Zhang, Silvia N. Calderon, Kenner C. Rice

Laboratory of Medicinal Chemistry, Building 8, Room B1-23, NIDDK, NIH, Bethesda, MD 20892

We recently described the synthesis and identification of (+)-4-[(0LR)-0i--((2S,5R)-4-Allyl-2,5-dimethyl-1-
piperazinyl)-3-methoxybenzyl]-N,N-diethylbenzamide (SNC 80) as a highly selective, nonpeptided opioid
receptor agonist. Further investigation of its pharmacological profile required substantially larger quantities of
this compound. Our initial protocol for the synthesis of SNC 80 provided equal amounts of SNC 80 and its
benzylic epimer in the last step and required optical resolution of 1-allyl-2,5-dimethylpiperazine with the
camphoric acids of which only one is readily available. We have now developed a facile synthesis and
resolution which provides the optically pure piperazine in 100 g quantities in the laboratory. Utilization of this
material in a modification of the stereoselective synthesis of (+)-BW373U86 (Bishop and McNutt 1995) based
on Katritzky’s tertiary amine synthesis provided an efficient synthesis of SNC 80, which is shown below. This
route is superior to our original synthesis in terms of fewer steps, higher yield and excellent
diastereoselectivity. This new approach is also used to prepare new SNC 80 analogs
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SNC 80
OPIOID PEPTIDE ANALOGS WITH A MIXED p AGONIST/d ANTAGONIST
PROFILE
P. W. Schiller, G. Wellrowska, T.M-D. Nguyen, N. N. Chung and C. Lemieux
Laboratory of Chemical Biology and Peptide Research, Clinical Research Institute of Montreal, 110 Pine
Avenue West, Montreal, Que., Canada H2W 1R7

The observation that continuous administration of$8 opioid antagonists to mice or rats treated chronically with
morphine greatly attenuated the development of morphine tolerance and dependence (Abdelhamid et al. 1991;
Fundytus et al. 1995) suggested that opioid compounds with mixed p agonistd antagonist properties may have
potential as analgesics with low propensity to produce tolerance and dependence. The first mixed p agonist/5
antagonist reported was the tetrapeptide H-Tyr-Tic-Phe-Phe-NH, (TIPP-NH,; Tic = 1,2,3,4-
tetrahydroisoquinoline-3-carboxylic acid) which showed moderate p agonist potency in the guinea pig ileum
(GPI) assay and high & antagonist potency in the mouse vas deferens (MVD) assay (Schiller et al. 1992). We
prepared several analogs of TIPP- NH2 containing either 2’,6’-dimethyltyrosine (Dmt) or V)2 6-

trimethyltyrosine (Tmt) in place of Tyr' and determined their in vitro opioid act1v1ty profiles in the GPI and
MVD bioassays and in the rat brain membrane receptor binding assays. In comparison with TIPP-NH,, H-Dmt-
Tic-Phe-Phe-NH, (DIPP-NH,) showed greatly increased p agonist and$ antagonist potencies and still about 10-
fold preference for & receptors over p receptors. Reduction of the peptide bond in the 2-3 position of the peptide
sequence resulted in a pseudopeptide analog, H-Dmt-Tic¥ [CH,-NH]Phe-Phe-NH, (DIPP-NH,[¥]]), which
displayed an IC50 value of 7.7 nM in the GPI assay, a K, value of 0.5 nM against & agonists in the MVD assay
and p andd receptor affinities in the subnanomolar range in the binding assays (K"/ K8= 2.11). Thus, DIPP-
NH, W] represents the first known opioid compound with balanced p agonist/d antagonist properties. The Trp’-
analog, H-Dmt-Tic-Trp-Phe-NH,, also turned out to be a highly potent and balanced mixed p agonist/§
antagonist. Replacement of Tyr' in TIPP-NH, with Tmt resulted in a compound, H-Tmt-Tic-Phe-Phe-NH,,
showing partial p agonism in the GPI assay and potentd antagonism in the MVD assay. Finally, the
pseudopeptide H-Tmt-TicH[CH,-NH]Phe-Phe-NH2 turned out to be a moderately potent p antagonist
antagonist. In the mouse hot plate test DIPP-NH,W] produced a centrally mediated analgesic effect after
subcutaneous administration at a dose of 40 mg/kg. In preliminary studies using the rat tail flick test it was
shown that DIPP-NH,[¥] given i.c.v. was a potent analgesic which upon chronic administration at high doses
produced no dependence and less acute tolerance than morphine (Fundytus et al. unpublished results).

Supported by grants from the MRC (MT-5655) and NIDA (DA-04443)
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70.-CINNAMOYLAMINOORIPAVINES: POTENTIAL AFFINITY LIGANDS FOR OPIOID
RECEPTORS

I. Derrick; J. W. Lewis; J. H. Broadbear; H. Plumer; and J. H. Woods
University of Bristol, UK and University of Michigan, Ann Arbor

The cinnamoyl derivatives (1-4) of 70:-amino-N-cyclopropylmethyl-6,14-endo-ethanotetrahydronororipavine
were prepared as analogs of the p-selective irreversible antagonist clocinnamox. In the guinea pig ileum assay 4
was not an agonist and 1-3 showed partial agonism which could not be reversed by selective antagonists nor
washed out of the tissue. In the mouse vas deferens assay they were non-selective antagonists. In mouse
antinociceptive assays they were antagonists in tail withdrawal but only the p-methyl analog 2 ) showed
evidence of irreversible (i) antagonism. In the acetic acid-induced writhing assay (AW) 1-3 were effective
though low potency agonists with differing selectivity profiles; no agonist activity could be demonstrated for 4
In AW with 24h pretreatment 2 and 4 antagonized p,d and x agonists with 2 showing substantiald selectivity.
The irreversible antagonist actions of these cinnamoyl derivatives are inferior to those of the corresponding
derivatives of l4-aminomorphinone and T--aminomethyl-N-cyclopropylmethyl-6,14-endo-
ethanotetrahydronororipavine.

ACKNOWLEDGEMENTS: Supported by NIDA Grant DA-00254 and NIDA Contract DA-4-8307 (to Stanford
Research Institute).
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INVESTIGATION INTO THE BINDING MECHANISMS OF THE RADIOLABELED
CINNAMOYLAMINO DIHYDROCODEINONE DERIVATIVE: ['HIN-CPM-CACO.

J. P. McLaughlin; S. Archer; and J. M. Bidlack
University of Rochester, Rochester, NY and Renesselaer Polytechnic Institute, Troy, NY

N-Cyclopropylmethylnor-14B-(p-nitrocinnamoylamino)-7,8-dihydrodeinone (N-CPM-CACO) is a short-term
mu-opioid agonist and a long-term antagonist of antinociception mediated by mu opioid receptors as measured in
the mouse warm-water tail-flick assay. N-CPM-CACO radiolabeled with tritium in the C-8 position was used
to directly determine the mechanisms responsible for the pharmacological properties of N-CPM-CACO. [*H]N-
CPM-CACO bound with an apparent Ky value of less than 100 pM to the mu opioid receptor in bovine striatal
membranes In competition binding experiments, the mu-preferring compounds morphme sulfate, [D-

Ala’,N(Me)Phe" ,Gly-ol]enkephalin and B-funaltrexamine inhibited the binding of 0.5 nM [’H]N-CPM-CACO to
the opioid receptor by approx1mately 50% while the kappa-selective compound

U50,488 and the delta-selective peptide [D-Pen’,D-Pen’]enkephalin had no effect. To determine if N-CPM-
CACO binds covalently to the mu opioid receptor, membranes were incubated for 60 min or less at 37°C with
30 nM [’H]N-CPM-CACO, denatured with sodium dodecyl sulfate and the protein precipitated by a
chloroform/methanol extraction procedure. In preliminary results, the precipitated protein demonstrated covalent
binding with [* H]N CPM-CACO that was time- and pH-dependent, producing optimal specific binding with an
incubation of 5 min at pH 7.8. In conclusion, [’H]N-CPM-CACO binds with high affinity, but also forms a
covalent bond to the mu opioid receptor.

ACKNOWLEDGEMENTS: Supported by USPHS grants DA03742, DA07232 and DA06786.
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OPIOID AFFINITY AND SELECTIVITY OF A SERIES OF 2-CHLOROACRYLAMIDO
DERIVATIVES OF DIHYDROMORPHINONE

K. P. Hill; 1. Hutchinson®; S. Archer,”" and J. M. Bidlack
University of Rochester, Rochester, NY and ®Rensselaer Polytechnic Institute, Troy, NY

A series of 2-chloroacrylamido derivatives of dihydromorphinone was synthesized, and the affinity and
selectivity of the compounds for the p, &, and x opioid receptors was determined by radioreceptor binding
assays using bovine striatal membranes. The 2-chloroacrylamido reactive group was added to either the 6" or
the 14" position on dihydromorphinone and its N-cyclopropylmethyl (N-CPM) analog. All four compounds
bound preferentially to the p site: 6B~(2-chloroacrylamido)-4,5-epoxy-3-hydroxy-17-methylmorphinan (6-
CLAMO) and its N-CPM analog (N-CPM-6-CLAMO) displayed greater affinity for the u site than did 1443-(2-
chloroacrylamido)-7,8-dihydromorphinone (14-CLAMO) or its N-CPM analog (N-CPM-14-CLAMO). Of the
four compounds, only N-CPM-6-CLAMO inhibited p binding to membranes in a concentration-dependent,
wash-resistant manner at concentrations less than 20 nM. N-CPM-6-CLAMO produced minimal wash-resistant
inhibition of § andk binding. In the mouse acetic-acid writhing test, N-CPM-6-CLAMO acted as a potent k-
selective agonist. In the mouse tail-flick test, a single 1-nmol i.c.v. dose of N-CPM-6-CLAMO administered
from 1 to 72 hours before testing suppressed morphine-induced antinociception, but had no effect on
antinociception mediated byd and X receptors. Higher doses of N-CPM-6-CLAMO were required to observe
short-term analgesia than were required for long-term antagonism of morphine-induced antinociception. N-
CPM-6-CLAMO is a short-term K agonist and a long-term p antagonist.

ACKNOWLEDGEMENTS: Supported by USPHS grants DA03742 and DA06786.

COCAINE MODULATES PERIPHERAL BLOOD LYMPHOCYTE AND ENDOTHELIAL
CELL CYTOKINE PRODUCTION

J. T. Mao; M. Huang; J. Wang; S. Sharma; G. Baldwin; D. P. Tashkin; and S. M.
Dubinett

Pulmonary Immunology Laboratory, Division of Pulmonary and Critical Care Medicine,
UCLA School of Medicine and WLA VA, Los Angeles, CA

Cocaine use is associated with modulation of a broad range of biological functions including the capacity to
influence cytokine production by immunoeffector cells. Little is known, however, regarding the effects of
cocaine on cytokine production by human peripheral blood lymphocytes (PBL) and endothelial cells. The effect
of cocaine on PBL cytokine profiles and the molecular mechanisms responsible for the modulation of cytokine
mRNA expression were investigated. Conditioned supematant from IL-2-stimulated PBL were evaluated by
cytokine-specific ELISA (IL-4, 5, 8, 10, IFN-Y, and TGF-B;) following in vitro cocaine exposure. Cocaine
abrogated the IL-2-induced production of IFN-Y and IL-8 in a dose responsive manner. Cocaine also decreased
PBL IFN-y:and IL-8 mRNA expression as determined by Northern blot and slot blot analysis. Nuclear run-on
assays revealed that cocaine down-regulated the rate of IFN% and IL-8 transcription. In addition, because the
vascular endothelium actively participates in acute and chronic inflammatory reactions and IL-8 is one of the
key cytokines involved in the inflammatory process, modification of the production of IL-8 by vascular
endothelial cells may interfere with host responses to infection or tissue injury. We investigated the effects of
cocaine on endothelial cell IL-8 production. Conditioned supematants from an endothelial cell line were
evaluated by ELISA following in vitro cocaine exposure. Cocaine decreased IL-8 production and mRNA
expression in a dose-responsive manner. The addition of TNF-7 reversed the cocaine-mediated decrement of
IL-8 production in EA.hy 926 endothelial cells. Our findings suggest that the immunomodulatory effects of
cocaine may be mediated, in part, by modification of cytokine production by PBL and vascular endothelial

cells.
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DRUG ABUSE, AIDS, HIV STRAINS, AND THE NERVOUS SYSTEM

P Shapshak; K Crandalll; C McCoy; W Bradley; R Fujimura; K Goodkin; C Petito; N
Weatherby; SM Shah; S Delgado; RV Stewart; B Zhang; KQ Xinz; J Yang,” A Matthews,’
M Yoshioka’; Z Nagan03; AK Srivastava®

Univ. of Miami Med. School, Miami, FL; 1Brigham Young Univ, Provo, UT;
’Yokohama City Med. School, Yokohama, Japan; *Tohoku Brain Inst., Sendai, Japan;
‘Walter Reed Army Inst., Washington, DC

Hypotheses. HIV-l infection and host toxic factors increase risk for central nervous system (CNS) and
peripheral nervous system (PNS) dysfunction; the macrophage is at the core of neuropathology. Drug abuse
increases risk for neurological dysfunction. We utilize interdisciplinary field, clinical, and laboratory studies to
characterize the effects of drug abuse on behavior and HIV infection. Methods. Field: we use outreach
interventions, education, risk reduction, and treatment for studies with African American Women; Lab. we use
in situ hybridization (ISH), immunohistochemistry (IHC), and polymerase chain reaction (PCR) to detect HIV
and cytokines and identify the cells involved, and DNA sequencing to characterize strains of HIV-1. Results and
Discussion. Cocaine and cocaethylene perturb (inhibit) in vifro surface marker (CD11, CD14, CD68, and
HLA-DR) expression of macrophages purified from brain using immunomagnetic beads. Activated
macrophages including multinucleate giant cells are the major reservoir of HIV infection in the CNS but are
rare in the PNS. However, virus load and/or virus strains may be related to CNS dysfunction and
neuropathology whereas in both CNS (dementia) and PNS (neuropathy), cytokines are also involved in
neuropathogenesis and may be related to apoptosis and subsequent demise of the infected individual.
Conclusion. Multidisciplinary research provides a deeper understanding to defeat drug abuse and AIDS. THC,
ISH, PCR, DNA sequencing, and culture techniques provide insight into processes that may be involved in the
pathogenesis of AIDS neurological disease. Drugs may be associated with additional neuropsychiatric disease.
A model of neuropathogenesis is: HIV infection -> strain divergence -> macrophage/monocyte/inflammation -
> toxic molecules -> -> apoptosis -> -> disease.

Acknowledgment: our work is supported by NIH grants: DA04433, DA04787, DA06227, DA06910,
DA07909, DA09229, and NS26584.

ACUTE EFFECTS OF COCAINE ON CYTOKINE PROFILES IN COCAINE-DEPENDENT
SUBJECTS

b Zhan; X-H; E Galen; S Kang; S. Chang; R. L. Moldow; M Graves; T Newton; and M Fiala

Departments of Medicine, Neurology, and Microbiology and Immunology, UCLA School of Medicine,
and Department of Biology, Seton Hall University.

Cocaine-dependent individuals may be more prone to AIDS dementia following HIV-I infection compared to
non-abusing, HIV-1- infected individuals. We investigated the effects of cocaine administration during
experimental therapies on production of cortisol and cytokines by blood cells (Fiala et al. 1996). Following
cocaine injection white blood cell, lymphocyte ( p < 0.05), and T cell subset counts ( N. S.) and serum
cortisol levels (p<0.05) were increased, and PHA-stimulated lymphoproliferation ( p<0.05) was inhibited.
Mononuclear blood cells were obtained from six cocaine-dependent individuals before and after an intravenous
injection of cocaine (40 mg). Post-cocaine mononuclear cells stimulated by LPS (18 hrs), produced less TNF-
o, IL-6 (N.S.) and IL-10 ( p<0.05) compared to precocaine cells. With PHA stimulation ( 48 hr), IFN-Y and
TNF-a ( N.S.) secretion by post-cocaine cells was increased. IL-12 responses varied between patients but
generally showed enhancement with PHA stimulation. In an in vitro model of human blood-brain barrier, IL-
12 increased and IL-4 decreased the number of transmigrated mononuclear cells; TNF-Q increased HIV-I
penetration. These results suggest that cocaine may predispose to AIDS dementia by (a) altering cytokine
balance to Thl pattern which fosters inflammation in the central nervous system, (b) increasing HIV-1
penetration across the barrier, and (c) adverse effects of cortisol on the brain.

ACKNOWLEDGEMENTS: Supported by NIDA grant DA-10442
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COMBINATION THERAPY FOR MURINE RETROVIRUS USING METHIONINE
ENKEPHALIN AND AZT

S. Specter; N. Plotnikoff*; J. Sin; and D. Goodfellow

University of South Florida College of Medicine, Tampa, FL, USA and *University of
Illinois at Chicago, Chicago, IL, USA

Methionine enkephalin (Met-ENK 50-100 pg/ml) and AZT (1 ng/ml) were used in a combined protocol for
treatment of established murine retroviral infection in vitro. In a model using Friend leukemia virus (FLV),
AZT was able to reduce viral titers in susceptible Mus dunni cells while Met-ENK was not. Thus, confirming
that the neuropeptide does not have direct anti-viral activity. However, Met-ENK treated spleen cells added to
AZT reduced FLV replication in culture. These studies further demonstrated that Met-ENK effects were
mediated via opioid receptors on lymphocytes, as activity could be inhibited by the opioid receptor antagonist
naloxone. Further study suggests that this may be mediated via kappa receptors. Additionally, results indicate
that, at least in part, Met-ENK effects were due to the induction of interferon gamma, which inhibited FLV
replication. These studies were consistent with earlier findings that this combination of antiviral chemotherapy
(AZT) and Met-ENK (as an immunostimulatory compound) could decrease morbidity and mortality due to FLV
infection in BALB/c mice. The data suggest that this combination may provide benefit in human retrovirus
infections.

NOVEL PENTAMIDINE ANALOGUES AS POTENTIAL ANTI-PNEUMOCYSTIS
CARINII PNEUMONIA AGENTS

T. L. Huang*; Q. Zhang*; A. T. White*; S. F. Queener+; M. S. Bartlett+; J. W. Smith';
and I. O. Donkor’

*Xavier University of Louisiana, College of Pharmacy, New Orleans, LA, *The
University of Tennessee, College of Pharmacy, Memphis, TN, "Indiana University,

School of Medicine, Indianapolis, IN

Pentamidine is currently one of the drugs of choice used for the treatment of Prneumocystis carinii Pneumonia
the most common opportunistic infection in AIDS patients and the leading cause of death in these individuals.
The drug, however, is associated with a high incidence of toxic side effects. We hypothesize that the multiple
pharmacological actions of the drug may be due to its conformational flexibility which allows the drug to bind
to both target and non-target macromolecules. We have therefore, synthesized and tested five new piperidine-
linked aromatic diimidazolines as conformationally restricted analogues of pentamidine. All five compounds
significantly inhibited the growth of Pneumocystis carinii in a short term culture screen at 1 pg/ml. The DNA
binding afftnity of these compounds were also evaluated by measuring DNA melt temperatures. The compounds
showed greater affinity for poly(dA-dT) than for calf thymus DNA. The strength of the binding affinity of these
compounds to poly (dA-dT) correlated with the anti-Prneumocyslis carinii activity. The synthesis and biological
results of these compounds will be presented.

ACKNOWLEDGEMENTS: Supported by NIDA grant DA-07970
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RECEPTOR-MEDIATED ENHANCEMENT OF IN VITRO LYMPHOCYTE
PROLIFERATION BY NOVEL d-SELECTIVE OPIOID LIGANDS

S. R. Sanchez*; K. C. Ricef; S. N. Calderonf; M. E. Riley*; and R. J. Weber*

*Department of Biomedical and Therapeutic Sciences, University of Illinois College of
Medicine, Peoria, IL, and iLaboratory of Medicinal Chemistry, NIDDK, NIH, Bethesda,
MD

Classical opioid receptor agonists neither enhance nor inhibit in vitro lymphocyte proliferation in response to
Con A or antibody to the CD3/T-cell receptor complex (aCD3/TCR). However, we have shown that novel
nonpeptidic d-selective opioid ligands can induce a dosedependent enhancement of in vitro lymphocyte
proliferation. Proliferation of rat thymocytes or splenocytes was measured in the presence of Con A or
aCD3/TCR, drug alone (concentrations ranging from 10° to 10™° M), and drug with Con A or aCD3/TCR.
Lymphocyte proliferation was unchanged compared to control when measured in the presence of drug alone.
However, lymphocytes activated with Con A or aCD3/TCR and novel d-selective ligands exhibit a dose and
time dependent enhancement of proliferation. We observed maximal enhancement of proliferation following
lymphocyte activation, which may indicate upregulation of a receptor. Additionally, enhancement is specific,
occurring with various chemical derivatives of nonpeptidic d-selective opioids but not with others. Examination
of functional changes, cell surface markers of lymphocyte activation, and cytokine production as a function of
novel peptidic and nonpeptidic opioids, may further delineate cellular mechanisms of in vitro and in vivo opioid
mediated immunoregulation.

Supported in part by NIH Grant # DA/AI08988

BOTH p AND x OPIOID RECEPTORS INHIBIT ASTROCYTE GROWTH THROUGH A
COMMON Ca’*-DEPENDENT MECHANISM

K. F. Hauser; A. Stiene-Martin; R. Zhou; and C. Turbek

Department of Anatomy & Neurobiology, University of Kentucky College of Medicine,
Lexington, KY

Morphine inhibits astrocyte proliferation by activating p opioid receptors and by mobilizing intracellular Ca”
([Ca2+]i). The present study examined whether & or K opioid receptor activation might also mobilize Ca’ and
inhibit DNA synthesis. The effects of 8 (DPDPE), or ¥ (U69,593/U50,488H) agonists were compared to
PLO17 or morphine in murine astrocyte cultures at 6 days in vitro. p,8 And X-receptor expression was
examined immunocytochemically (antibodies courtesy Dr. R.P. Elde). Intracellular Ca®" ([Ca®],) was measured
using fura-2; while bromodeoxyuridine incorporation (DNA synthesis) was assessed in glial fibrillary acidic
protein immunoreactive flat, polyhedral astrocytes 72 hr after drug treatment. The results show that
subpopulations of astrocytes express ( and/or ( receptors, and their activation mobilizes [Ca®]; and inhibits DNA
synthesis. Moreover, some p- or X- agonist-induced increases in [Ca®]; occurred in the absence of extracellular
Ca”", or with nifedipine present (which blocks L-type Ca’* channels); but could be blocked by thapsigargin
(which depletes IP;-sensitive Ca*" stores) suggesting opioids mobilized [Ca® . in some astrocytes. Only a few
astrocytes expressed 8 receptors andd agonists did not affect DNA synthesis. Collectively, this suggests that p
and x receptors can suppress DNA synthesis in astrocytes through a mechanism involving Ca®" mobilization.
Moreover, distinct subpopulations of astrocytes express p and < receptors, and no single class of opioid receptor
exclusively affects astrocyte growth.

ACKNOWLEDGEMENTS: Supported by NIDA grant DA-06204.
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MARIJUANA USE AMONG AMERICAN INDIAN ADOLESCENTS
D. K. Novins and C. M. Mitchell

National Center for American Indian and Alaska Native Mental Health Research
Department of Psychiatry, University of Colorado School of Medicine, Denver, CO

Background: American Indian (AI) adolescents have been consistently found to have a higher prevalence of
marijuana use than their non-Indian peers. This study examines the characteristics of marijuana users among a
large sample of AI high school students. Method: Logistic regression models were developed to predict the
probability marijuana use among a select sample of 1,393 AI youth who completed self-report surveys as part of
the Voices of Indian Teens Project. Results: 552 (39.6%) had used marijuana at least once in the last month.
Males were more likely to use marijuana at a high frequency (11 or more days over the last month) than
females. Significant differences in levels of use were observed between the four AI cultural groups studied.
Low frequency marijuana use (1 to 3 days over the last month) was associated with alcohol use and high
frequency marijuana use was associated with the use of alcohol (males only), cocaine (males only), and
stimulants (females only). When controlling for other variables in the regression equations, measures of ethnic
identity, stressful life events, school performance, and psychiatric symptomatology (including antisocial
behavior) were not significantly associated with marijuana use.

Conclusions: Research examining the etiology of marijuana use among AI youth should focus on its
relationship to cultural factors, gender differences, and the use of other substances.

ACKNOWLEDGMENTS: NIDA RO01-DA10039, NIAAA RO1-AA08474, NIMH RO01-MH42473 & K20-
MHO01253.

TNF o GENERATION AND NORADRENERGIC RESPONSIVENESS IN THE CNS IN A
CHRONIC POLYARTHRITIS PAIN MODEL.

R. N. Spengler; R.C. Chou; and T. A. Ignatowski
Dept. Pathology, SUNY Buffalo, Buffalo, NY

Increases in proinflammatory cytokines (e.g. TNF'®t) in the CNS have been intricately linked with the
pathogenesis of several models of neuropathic pain. In addition, many pain syndromes that appear to have a
CNS component are associated with abnormalities in autonomic activity. The present study demonstrates pain-
induced alterations in TNF generation and noradrenergic responsiveness in a chronic polyarthritis pain model.
Stimulation of presynaptic adrenergic receptors regulates norepinephrine (NE) release, and TNF& is among the
endogenous mediators that potentially controls NE release. Initially, TNF production was found to be increased
in the serum of rats which developed arthritis. When compared to rats which received complete Freund’s
adjuvant or normal control rats, rats with streptococcal cell wall-induced arthritis produced significantly less
TNF in the peritoneum in response to LPS. In addition,0,adrenergic receptor regulation of that TNFo
production was significantly greater in rats displaying arthritis. TNFo production was also found to be
significantly increased in regions of the brain during the pathogenesis of the polyarthritic pain state.
Superfusion and electrical field stimulation was applied to a series of rat hippocampal brain slices in order to
study the regulation of ’H-NE release. The changes in TNF generation coincided with an increase in
noradrenergic output and a complete loss of TNF regulation of NE release. During the polyarthritic pain state
there was a reduction of the presynaptic TNF response from inhibition of *H-NE release to no apparent
regulation of H-NE release. Understanding the interaction between CNS levels of proinflammatory cytokines
and the noradrenergic nervous system will lead to an examination of mechanisms involved in treating chronic
pain states with analgesic as well as nonanalgesic psychotropic drugs.
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BRIEF VERSUS INTENSIVE PSYCHOTHERAPY FOR CANNABIS DEPENDENCE
B. F. S. Grenyer; N. Solowij*; and R. Peters*

University of Wollongong, Australia and *National Drug and Alcohol Research Center,
University of NSW, Australia

Forty long term cannabis (marijuana) users (33 males, mean age 34) seeking treatment were randomly assigned
to an intensive group consisting of 16 sessions of Supportive-Expressive dynamic psychotherapy or a brief
intervention group, consisting of a single therapy session containing motivational advice and a self-help
manual. Subjects had to have used cannabis on a near daily basis for at least live years and have no history of
other drug abuse. All subjects met the criteria for cannabis dependence according to DSM-IV. We tested the
hyothesis that the brief intervention groups would be of equivalent effectiveness to the more intensive group.
Data collected four months after intake indicated that 17 of the 20 in the intensive intervention had successfully
quit in contrast to three in the brief intervention group. There were significant differences (p < 0.05) between
the groups in changes on measures of cannabis use, (F = 4.7), psychological health-sickness (F = 27.34),
depression (F = 6.57), anxiety (F = 19.48) and an index of severity of symptoms (F + 8.52), with the
intensive group making large clinically significant gains over the brief group (Effect sizes (ES) of .74 vs 41,
respectively, for changes in cannabis use.) Patients in the intensive group were more satisfied with their
treatment, were more likely to recommend it to a friend and appeared better adjusted. Patients in the brief
intervention group did succeed in cutting down their use, and reported that having the opportunity to discuss
their drug use and problems with a health professional was the most helpful aspect of the treatment. This is
the first report of individual psychotherapy for cannabis dependence and the results have implication for the of
appropriate treatment.

EFFECT OF LABORATORY DECONTAMINATION PROCEDURES ON QUANTITATIVE
DETERMINATION OF THC IN HUMAN HAIR

H. M. Haughey; D. G. Wilkins; and D. E. Rollins
Center for Human Toxocology, University of Utah, Salt Lake City, Utah

External contamination of human hair specimens through environmental exposure is of concern in drug testing
programs. The purpose of this study was to evaluate the effect of several simple laboratory decontamination
(wash) solvents on quantitative determination of tetrahydrocannabinol (THC) in human hair. Hair was shaved
from the scalp of a known cannabis user, cut into small segments, mixed and portioned into 20-mg aliquots.
The mean THC concentration in hair aliquots prior to any decontamination was determined to be 250 pg/mg+
17 n =12) by GC/MS/NCI. Separate hair aliquots (N+3) were preincubated with one of two concentrations of
THCd3 (1 ng/mg or 15 ng.mg) in ethanol for 30 minutes, followed by evaporation to dryness to mimic
external contamination. Aliquots were than washed by vortexing for 30 sec with 1mL of one of the following
solvents: methanol (ME), methylene chloride (MC), phosphate buffer (PB), isopropanol (IP), 1% SDS,dH20,
or 1% SDS with dH209. Solvent was decanted and the process repeated twice for a total of three washes.
Internal standard (TCHdA7) was then added to washed hair, followed by overnight digestion in 1IN NaOH at
37°C, extraction and GC/MS analysis. THC concentrations were reduced by the following amounts as
compared to non-washed positive control aliquots: ME (84%), MC (82%), IP (74%), PB (52%), 1% SDS
(70%), dH20 (38%), and 1%SHS with dH20 (82%). THCd3 concentrations were reduced by the following
amounts: ME (96%), MC (95%), IP (97%), PB (63%), 1% SDS (76%), dH20 (38%) and 1%SDS with dH20
(84%). These data demonstrate that removal of external contamination and final measured THC concentration
are dependent on the decontamination method.

ACKNOWLEDGEMENT: Supported by NIDA grant DA07820 and DA09096
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PROLONGED URINARY EXCRETION OF MARIJUANA METABOLITE

M. A. Huestisl; J. Mitchellz; and E. J. Cone'

‘Addiction Research Center, NIDA, NIH, Baltimore, MD, *Navy Drug Screening
Laboratory, Jacksonville, FL

Although the excretion of marijuana metabolites occurs over an extended period of time, few studies have been
designed to accurately estimate excretion half-lives. We monitored excretion of the primary urinary metabolite of
marijuana, 11-nor-9-carboxy- A‘9-tetrahydrocan-nabinol (THCCOOH), by GCNS in a controlled clinical study
of marijuana smoking that included measurement of drug in each urine void collected over the four week study.
Terminal elimination half-lives of THCCOOH were determined in six male subjects following smoking of a
single 1.75% or 3.55% THC cigarette each week. Mean + SEM half-lives calculated by the sigma minus
method following the low or high dose were 31.4 £ 1.1 h (range 27.8 to 35.3) and 28.6 £ 1.5 h (range 24.9 to
34.5), respectively. The amounts of THCCOOH excreted over a seven day period were 93.9 + 24.5 ug (range
34.6 to 171.6) and 197.6 + 33.7 ug. Drug was detected at or above the current Federally-mandated GC/MS
cutoff of 15 ng/mL THCCOOH for 33.7 £ 9.2 h (range 8 to 68.5) and 88.6 = 9.5 h (range 57 to 122.3) for the
1.75 and 3.55% THC doses. This study documents the prolonged excretion of THCCOOH in urine and
emphasizes the importance of study design in precise estimation of terminal elimination half-lives. A sensitive
analytical method and a one to two week specimen collection period are important study considerations in the
monitoring of marijuana excretion.

COGNITIVE AND PSYCHOMOTOR PERFORMANCE AFTER ACUTE MARIJUANA
ADMINISTRATION IN HUMANS

S. Heishman; R. Taylor; A. Ross; J. Lutz; D. Ohuoha; R. Rothman; H. Weingartner®;
and J. Henningfield

Clinical Pharmacology Branch, ARC, NIDA, Baltimore, MD and *Cognitive
Neurosciences Section, LCS, NIAAA, Bethesda, MD

Marijuana has been shown to impair memory and other cognitive abilities; however, little research has focused
on the effects of marijuana on reflective cognitive processing. In this study, we used the number of intrusion
errors in a test of delayed recall (12 words) as a measure of reflective cognition. For a more complete
performance profile, we also assessed the effect of marijuana on the digit-symbol substitution test (DSST), a
measure of visual-motor coordination and response speed, and the circular lights (CL) test, a measure of gross
motor coordination. Participants were 12 community volunteers (10 men, 2 women), who reported using
marijuana an average of 4.7 times during the 2 weeks before the study. Each subject participated in six
experimental sessions separated by at least 72 hr. At each session, subjects smoked ad lib two half-cigarettes
containing either 0% or 3.58% THC. Placebo, low, and high doses consisted of 2 placebo half-cigarettes, 1
placebo and 1 active half-cigarette, and 2 active half-cigarettes, respectively. The design was a factorial crossing
of three marijuana doses with two reinforcement contingency conditions. In one condition, subjects earned $.01
for every three correct responses on the performance tests, and in the other, they earned $.15 per three correct
responses. Testing occurred at predrug baseline and 5 min and 2 hr postdrug (word recall) and 5, 45 min, 2, 4,
10 hr postdrug (DSST and CL). Marijuana increased heart rate and subjective ratings of drug strength in a dose-
related manner. High dose marijuana decreased percent correct responding on the DSST, but had no effect on the
CL test. High dose marijuana also decreased the number of correctly recalled words in the delayed free recall test.
There was a significant dose X reinforcement contingency interaction with respect to intrusion errors on the
memory test. Under the low contingency condition, intrusion errors increased in a dose-dependent manner.
However, under the high contingency condition, intrusion errors showed an inverted-U dose function, such that
errors were reduced to placebo levels after high dose marijuana. These data indicate that marijuana-induced
impairment in reflective cognition can be influenced by reinforcement contingency.
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SR 141716A ANTAGONIZES THE DISRUPTIVE EFFECTS OF A’-THC ON LEARNING
IN RATS

J. Brodkin and J. M. Moerschbaecher
Department of Pharmacology, LSU Medical Center, New Orleans, LA

Responding by rats was maintained by food presentation under a repeated acquisition of behavioral chains
procedure. Subjects acquired a different three-response chain each session and sequence completions were
reinforced under a fixed-ratio 3 schedule. Errors produced a brief time out. A*°-Tetrahydrocannabinol (THC) (1-
18 mg/kg i.p.) produced dose-related increases in overall percent errors and decreases in rate of responding. The
cannabinoid receptor antagonist SR141716A (1-32mg/kg) had little effect on either overall percent errors or
response rate when administered alone. A low dose SR141716A (1mg/kg) administered in combination with
THC reversed the disruptive effects of THC across a range of doses (5.6-18 mg/kg). These findings suggest that
THC produces disruptions of learning behavior in rats responding under a repeated acquisition procedure through
stimulation of the CB1 receptor. The data further suggest that whereas THC can disrupt learning, the
cannabinoid receptor may not play a tonically active role in learning process. Supported by DA 03573 and DA
04775.

INVESTIGATION INTO THE FUNCTION OF ENDOGENOUS CANNABINOID SYSTEMS
A. H. Lichtman; D. L. Stote*; M. S. Fanselow*; J. L. Wiley; and B. R. Martin

Department of Pharmacol. & Toxicol., Medical College of Virginia-Virginia Common-
wealth University, Richmond, VA; Department of Psychology, *UCLA, Los Angeles, CA

Exogenously administered cannabinoids are known to produce cognitive deficits in humans as well as in
laboratory animals. The presence of cannabinoid receptors as well as endogenous cannabinoids in the brain
suggests the existence of a cannabinoid neurochemical system. The purpose of the present study, therefore, was
to test the hypothesis that this putative neurochemical system is tonically active in cognitive processing in rats
using the specific cannabinoid antagonist SR141716A (Sanofi Recherche). Two distinct types of learning and
memory paradigms were employed; spatial memory was assessed in an eight-arm radial maze and a Pavolian fear
conditioning procedure was used to assess freezing behavior to an auditory (80 db tone) or contextual
conditioned stimulus (CS) previously paired with electric shock (1 mA intensity, 2 sec duration). SR141716A
(3 mg/kg) given before either acquisition or testing failed to enhance fear conditioning to each CS. Similarly,
the antagonist at a dose range from 1 to 10 mg/kg failed to enhance radial-arm choice accuracy; however, it did
block the disruptive effects ofA”-THC (5 mg/kg), on spatial memory. The failure of SR141716A to improve
performance in both tasks suggests that endogenous cannabinoid systems are not tonically involved in these
cognitive processes.

ACKNOWLEDGEMENTS
NIDA grants DA-08387 and DA-03672
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HIV, THE IMMUNE SYSTEMS, AND SELF-REPORTED SYMPTOMS OF HIV AMONG
AFRICAN-AMERICAN WOMEN

N. L. Weatherby; Y. Shapshak; F. Chiappelli***; S. M. Shah; L. Hearn**; D. Marsh; J.
B. Page; C. B. McCoy; F. Stitt; H. V. McCoy*; J. E. Rivers; L. R. Metsch; and C. A.
Bonney

Comprehensive Drug Research Center, Univ. of Miami, *Florida International Univ.,
Miami, FL, **Dade County Medical Examiner’s Office, Miami, Fl, and ***UCLA School
of Dentistry, Los Angeles, CA

In clinical interviews and medical histories, women may mention symptoms such as swollen glands, night
sweats, persistent diarrhea, unusual sores on the skin, white patches in the mouth, high fever, and purplish or
brownish blotches on the legs or arms. Research is needed which relates these self-reported signs and symptoms
to HIV infection and progression to AIDS among women. One hundred HIV negative (n=42) and HIV positive
(n=77) African-American women who participate in prospective cohort studies at the University of Miami’s
Comprehensive Drug Research Center are interviewed at 6-month intervals about signs and symptoms that may
be associated with HIV infection, with a current total of 277 interviews. Questionnaire items are derived from
the CDC’s Multicenter Study of Crack Cocaine and HIV Infection, and the Women’s Interagency HIV Study.
Blood samples are drawn for virologic and immunologic testing, urine samples are taken for toxicologic testing,
and self-reported drug use is recorded. Three-fourths of the women use crack or powder cocaine more than once
per week and, at enrollment, none use opiates. Analyses of the self-reported symptoms and their relationship to
HIV infection and immune functioning indicate that the number and types of physical symptoms reported are
directly related to the extent to which the immune system is compromised by HIV infection. Use of cocaine and
alcohol is controlled as is AZT use among HIV positive women. The refinement of protocols for assessing self-
reported signs and symptoms of HIV infection and progression to AIDS is critical for the prevention,
intervention, diagnosis, and treatment of HIV and AIDS among women. ACKNOWLEDGEMENTS: This
research is supported by NIDA grant DA-07909, with recruitment and follow-up through DA-06910, DA-
=09229, DA-09953, NIMH grant MH-50240, and CDC grant CCU404539.

ALCOHOL AND DRUG ABUSE AMONG DOMESTIC VIOLENCE SURVIVORS AND
BATTERERS

A. J. Marting M. L. Chu; R. E. Sage; L. Madry; M.Lewis; E. Bingham; and B. J.
Primm

Urban Resource Institute, Brooklyn, NY

Eighty female residents from an urban domestic violence shelter were interviewed upon entry into the facility.

A structured interview was used to assess demographic information as well as patterns of alcohol and drug abuse

for residents, their families, their batterers, and their batterer’s families. Residents were primarily young African
American and Latina women with children. Relatively few residents reported having drug or alcohol problems.

However, 66.3% of the residents had a family member with a drinking problem and 63.8% of the residents had a
family member with a drug problem. According to the resident reports, 43.8% of the batterers had an alcohol
problem either currently or in the past and 52.5% of the batterers had either past or current drug problems. Over
twenty percent of the batterers had both alcohol and drug problems. Additionally, substantial numbers of
batterers used alcohol and/or drugs prior to at least one abusive incident. Half of the batterers had family
members with alcohol or drug problems. The results suggest a multidisciplinary collaborative approach to the
issues of domestic violence and substance abuse.



CHILDHOOD SEXUAL ASSAULT AND THE SUBSEQUENT DEVELOPMENT OF
SUBSTANCE ABUSE AMONG WOMEN

J. Copeland and T. J. Jarvis

National Drug and Alcohol Research Centre, University of New South Wales, Sydney,
New South Wales, Australia

A history of childhood sexual assault (csa) has been commonly reported among women attending substance
dependence and psychiatric treatment services. This quantitative study of 180 women, with a qualitative sub-
group, employed a 4 group design that included: (1) women with and (2) women without a history of csa
attending substance dependence treatment and (3) women with (4) and without a history of substance dependence
attending csa counselling services. Regression analyses found that the hypotheses that substance use would be
related to age at the time of initial assault and the relationship to the perpetrator were not supported in the
direction predicted. Among women in csa treatment, those who experienced csa in adolescence by someone
outside the family, were more likely to develop substance dependence than women experiencing incest in early
childhood. However, women with a history of csa became intoxicated for the first time at a significantly earlier
age than women without such a history, regardless of whether they later developed substance dependence.
Women in substance dependence treatment with a history of csa had significantly higher somatisation and
anxiety scores and were significantly more likely to have attempted suicide, self-mutilated, or self-reported
eating disorder and sexual dysfunction than women in substance dependence treatment without such a history.
The implications for intervention will be discussed.

ACKNOWLEDGEMENT: Supported by the Commonwealth Department of Health & Family Services
Research into Drug Abuse Grant

DRUG INVOLVEMENT OF WOMEN IN PROTECTIVE SERVICE JOBS
A. E. Gupman and J. C. Anthony
NIH/NIDA/IRP, Etiology Branch, P.O. Box 5180, Baltimore, MD

Epidemiologic Catchment Area data indicated that women working in protective service (PS) jobs (e.g., police,
security guards) might have an unusually high level of DSM-III drug disorders; e.g., PS jobs might expose
women to psychosocial work environments that promote illicit drug-taking (1,2). Here, we tested whether
women (or men) in PS jobs were any more or less likely to be recent illicit drug users. The data were from the
National Household Surveys on Drug Abuse (NHSDA) in 1991-93, gathered by standardized self-report
assessments of illicit drug use and current occupation. In total, 197 women and 730 men were in PS jobs
whereas 21,414 women and 20,400 men were employed in other job categories. Post-stratification was used to
hold constant macro-social determinants of drug involvement such as local street-level availability of drugs.
The conditional form of multiple logistic regression was used to test our hypotheses, with a statistical
adjustment for survey sampling weights, education, age, and race. These analyses showed no evidence of excess
illicit drug use among PS workers, whether male or female. In comparisons of employed adults living in the
same local residential areas, the estimated prevalence of illicit drug use for women and men in PS jobs was at
lower than expected values, as reflected by an inverse odds ratio (OR) for PS women (OR=0.39; p=<0.001) and
for PS men (OR=0.60; p<0.001), when the reference category was all other working men. An inverse
association also was observed when women in PS jobs were contrasted with other working women (OR=0.59;
p=0.07). If ECA findings were true, and women in PS jobs actually are more likely to be affected by drug use
disorders, this is not seen in the NHSDA data on recent illicit drug-taking. These results suggest further
research is needed on how work environments might affect women’s health and their drug use.

(1) Anthony ef al. JEAR 1:148-186,1992; (2) Muntaner et al. AJE 142:183-190, 1995.
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RELAPSE AND COPING SKILLS OF COCAINE USING WOMEN
R. Crosby; S. Specker; J. Borden; S. Tarleton; and D. Hatsukami
University of Minnesota Medical School, Minneapolis, MI

Relapse in cocaine addiction is extremely common. While the general dynamics of relapse have been studied,
little is known about specifics of the relapse process in women with cocaine abuse. The objectives of this study
were to evaluate antecedents of relapse, patterns of relapse, and abstinence coping skills in female cocaine users.
Sixty women recently abstinent from cocaine were prospectively followed for 90 days. The subjects, largely
African-American (58%) single (58%) and unemployed (83%), completed a structured psychiatric interview
(SCID-P SCID-II) and the Addiction Severity Index (ASI) at baseline. Current major depression (20%) and
PTSD (24%) were prevalent.  Subjects were administered the Minnesota Relapse and Coping Skills
Questionnaire (MRCSQ) and the AST at 30 and 90 days. Of the 60 subjects, 56 (93%) were interviewed at 30
days, and 42 (70%) at 90 days. Nineteen (32%) subjects self-reported cocaine relapses during the 90 day study
period (mean time to first use 27.9 days, SD=25.5). Among these relapsers, alcohol use often preceded cocaine
relapse (64%). Subjects also rated situational factors (64%) impulse to use (64%) negative emotional state
(52%), interpersonal conflict (44%) and craving (44%) as important factors in relapse. Both subjects and
interviewer rated negative emotional states as the most important factor in relapse, followed by interpersonal
conflict and situational factors. Those who experienced only a “close call” did not differ from the relapsers on
potential antecedents to relapse. Psychiatric diagnoses did not predict relapse. Abstainers statistically differed
from relapsers in their use of social support (p<.001), avoidance of alcohol (p<.05), and cognitive processes of
positive self-talk (p<.05) resolve to quit (p<.01) and focus on today (p<.01). We conclude that use of coping
skills is a more important factor in the relapse process than predisposing factors. The MRCSQ promises to
have both clinical and research applications.

LOCAL PERFUSION OF DYNORPHIN A, ;; REDUCES EXTRACELLULAR DOPAMINE LEVELS
IN THE NUCLEUS ACCUMBENS

L. H. Claye; I. M. Maisonneuve; J. Yu; A. Ho; and M. J. Kreek
The Rockefeller University, New York, NY

The objective of this study was to characterize the potential role of the endogenous peptide Dynorphin A,
(Dyn A,_;;7) in modulating dopaminergic neurotransmission in the nucleus accumbens (NAcc). Male Fischer 344
rats were acclimated for at least four days to controlled conditions. Animals were maintained on a 12 hour
light:dark cycle with food and water provided ad libitum. Rats were implanted stereotaxically with one guide
cannula above the NAcc. A calibrated microdialysis probe was inserted through the guide cannula of each
animal the night before the dialysis experiment. Artificial cerebrospinal fluid (aCSF) was delivered by pump at
a constant rate of 1 ul/min. On the day of the experiment six 20 min. baseline samples were taken. Half the
animals received a 20 min. perfusion of Dyn A, ,; after which nine samples were taken at 20 min. intervals,
followed by perfusion of aCSF with nine samples taken. The other animals received aCSF, then Dyn A, ; in a
counterbalance design. Therefore, each animal served as its own control. Dialysate samples were assayed for
dopamine (DA) by HPLC-EC detection. Data analysis show that DA levels were lower [F(1,6) = 45.28] after
the perfusion of Dyn A, ;; when compared to aCSF perfusion. Conclusion: The observed modulation of
dopamine by Dyn A, ;; gives new insight into the neurobiology of cocaine’s effects and could be useful in the
design of pharmacotherapeutic agents.

ACKNOWLEDGEMENTS: Supported by the Aaron Diamond Foundation and NIDA Research Center Grant
DA-P50-05 130 (MJK)
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EFFECT OF THE KAPPA OPIOID AGONIST EKC ON COCAINE AND FOOD SELF-
ADMINISTRATION IN RHESUS MONKEYS

S. S. Negus and N. K. Mello

Alcohol and Drug Abuse Research Center; McLean Hospital - Harvard Medical School;
Belmont, MA

Four rhesus monkeys were trained to self-administer 0.032 mg/kg/inj cocaine (i.v.) and 1 gm food pellets
during alternating daily sessions of cocaine and food availability. Following initial determination of the
cocaine dose-effect curve, we examined the effects of chronic treatment with saline and the kappa opioid agonist
ethylketocyclazocine (EKC) on self-administration of food and two unit doses of cocaine (0.01 and 0.032
mg/kg/inj) at the peak of the ascending limb of the cocaine dose-effect curve. Each treatment was in effect for
ten consecutive days. During saline treatment, monkeys usually self-administered the maximum number of
food pellets and cocaine injections. Continuous infusion of EKC (0.0032-0.032 mg/kg/hr) produced a dose-
dependent, statistically significant and naloxone-reversible decrease in the self-administration of both 0.01 and
0.032 mg/kg/inj cocaine without significantly altering rates of food self-administration. These selective, EKC-
induced decreases in cocaine self-administration were usually sustained throughout the 10-day treatment period.
The diurnal patterns of cocaine self-administration during treatment with 0.032 mg/kg/hr EKC resembled the
diurnal patterns of self-administration produced by substitution of saline for cocaine. Thus, these results are
consistent with the conclusion that EKC decreased the reinforcing effects of cocaine. In addition to decreasing
rates of cocaine self-administration, EKC also produced emesis in one monkey and sedative effects in all
monkeys. However, tolerance developed rapidly to the emetic and sedative effects of EKC. These results
indicate that at least some kappa opioid agonists may produce selective decreases in cocaine self-administration
in rhesus monkeys while producing only transient and mild side effects. Additional kappa agonists are
currently being evaluated. Supported in part by grants DA02519, DA04059 and DA00101 from NIDA, NIH.

EFFECTS OF “BINGE” COCAINE ON D, AND D, DOPAMINE RECEPTORS IN RAT
BRAIN AS MEASURED BY PET

H. Tsukada*; J. Kreuter; C. Maggos; T. Kakiuchi*; S. Nishiyama*; M. Futatsubashi*; E.
M. Unterwald; and M. J. Kreek

The Rockefeller University, New York, NY, and *Hamamatsu Photonics K. K.,
Hamamatsu, Japan

The present study investigated the effects of acute and chronic “binge” cocaine administration on the in vivo
binding for [''C]SCH23390 and [''C]N-methylspiperone at D, and D, dopamine receptors respectively, using a

high resolution positron emission tomography (PET, Hamamatsu SHR-2000). Adult male Sprague-Dawley rats
were injected with saline or cocaine HCl (15 mg/kg) three times daily at 1-hr intervals to approximate the
pattern in which cocaine is often abused by humans. PET scans were performed for D; and D, dopamine
receptors at one hour and 3.5 hours following the last cocaine injection, respectively. Dopamine D; and D,

receptors binding was quantified using a three compartment analysis and graphical analysis methods respectively.
No significant change in the in vivo binding for either ligand was found in the acute (two days) “binge” cocaine

treatment. A significant decrease in the binding potentials of [''C]SCH23390 was found in the striatum after

seven (p<0.05) and 14 (p<0.01) days of “binge” cocaine treatment. A significant decrease of [''CIN-
methylspiperone binding was found in the striatum only after 14 (<0.01) days of cocaine treatment. Saturation
experiments with various amounts of each carrier ligand indicated that the observed alterations of in vivo binding
were mainly due to apparent alterations in the affinity, not in the number, of binding sites. The results of this in
vivo study may have important implication for the development of pharmacotherapies in human cocaine abusers.

ACKNOWLEDGMENTS: Supported in part by NIH-DA-A-P50-05130 and NIH-DA-K05-00049.



STIMULATION OF THE PRODUCTION OF ¢cAMP BY DOPAMINE D, RECEPTOR
AGONISTS IN RHESUS MONKEY AND RAT STRIATA

M. R. Weed*; W. L. Woolverton**; and 1. A. Paul**

*University of Chicago, Department of Pharmacological and Physiological Sciences,
Chicago, IL **University of Mississippi Medical Center, Department of Psychiatry and
Human Behavior, Jackson, MS

The reinforcing effects of psychomotor stimulants appear to be mediated by the dopaminergic neurotransmitter
system. Dopaminergic signal transduction has been studied extensively in the rodent brain, however,
comparatively little research has been conducted using primate brain. Comparisons between rodents and
primates have shown species differences in the ability of dopamine (DA) D, receptor agonists to stimulate the
production of cAMP. The present study compared the efficacy of six phenyl-benzazepine D1 receptor agonists
in striatal homogenates of rats and rhesus monkeys. Tissue was homogenized (10mM imidazole HCI, 2mM
EGTA) at dissection and frozen prior to assay. Production of cAMP was stimulated in 10mM imidazole HCI,
10mM theophylline, 6mM MgS0O4, 600uM EGTA, 1.5mM ATP and 10uM GTP. [3H]cAMP displaced from
a bovine adrenal protein was used to determine the amount of cAMP produced. Only SKF 38393 had a
difference in efficacy between species. The relationship between me cAMP efficacy and the behavioral effects of
D1 agonists in rats is unclear. However, in rhesus monkeys the cAMP efficacy of a D1 agonist predicts its
ability to function as a reinforcer. For example, the D1 agonists with higher efficacies, SKF 81297, SKF
82958 and R(+) 6-BrAPB, functioned as reinforcers in rhesus monkeys, but SKF 38393, SKF 77434, and S(-)
6-BrAPB, which have lower efficacies, did not (Weed and Woolverton, 1995, JPET 275(3): 1367-1374).
Agonist Rhesus Rat Agonist Rhesus Rat
SKF 81297 96.3% (17.8) 101.2% (11.1) SKF 38393 32.5% (15.6)  71.7% (5.6)
SKF 82958 82.1% (13.3) 93.3% (11.8) SKF 77434 31.6% (17.3)  42.1% (8.3)
R(+) 6-BrAPB 59.1% (14.0) 69.9% (8.2) S(-) 6-BrAPB 15.9% (16.4) 11.6% (6.0)

% of 100uM DA (+ SEM) % of 100uM DA (+ SEM)
ACKNOWLEDGMENTS: Supported by NIDA Grants DA-08731 (WLW), DA-05616 (MRW).

DOPAMINE D; RECEPTOR AGONISTS PARTIALLY REPRODUCE THE
DISCRIMINATIVE STIMULUS EFFECTS OF COCAINE IN MONKEYS

R. D. Spealman

Harvard Medical School, New England Regional Primate Research Center, Southborough,
MA

Dopamine (DA) agonists and antagonists varying in affinity and selectivity at the D; vs. D, receptor subtypes
were studied in squirrel monkeys trained to discriminate cocaine from vehicle using a two-lever choice
procedure. All DA agonists engendered dose-related increases in the percentage of cocaine-lever responses,
reaching average maximums of 61 - 85% at doses that decreased me response rate. The order of potency for
engendering cocaine-lever responding (PHNO > NPA > 7-OH-DPAT > PD 128,907 > quinpirole >
bromocriptine) approximated the reported order of potency of the drugs for stimulating mitogenesis and for
inhibiting ['*Iliodosulpiride binding in cells expressing cloned human D receptors, but not D, receptors. The
cocaine-like stimulus effects of the preferential D; agonist PD 128,907 were attenuated by DA receptor
antagonists with an order of potency (nemonapride > eticlopride > YM-43611) that corresponded more closely
to their reported order of affinity at cloned D; than D, receptors. The cocaine- like stimulus effects of 7-OH-
DPAT also were attenuated by eticlopride, whereas the effects of neither PD 128,907 nor 7-OH-DPAT were
attenuated by the D, receptor antagonist SCH 39166. In a final series of experiments, the discriminative
stimulus effects of cocaine were enhanced in an additive manner by PD 128,907, 7-OH-DPAT and quinpirole.
The results support a role for D; receptor mechanisms in the cocaine-like stimulus effects of Dj-preferring
agonists and suggest that similar mechanisms may contribute to the subjective effects of cocaine.

ACKNOWLEDGEMENTS: Supported by NIDA grants DA00499, DA03774 and DA06303 and NCRR
grant RRO0168.
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EFFECT OF CHRONIC AND ACUTE IV COCAINE ON ESTRUS CYCLICITY AND D3
RECEPTOR DENSITY IN FEMALE RATS.

D. R. Wallace’; C. F. Mactutus™ and R. M. Booze™

University of Kentucky, Dept. of Pharmacology', Coll. of Pharmacy’, and Graduate Ctr
for Toxicology3, Lexington, KY

The present study examined the effect of chronic and acute IV cocaine administration (3.0 mg/kg) on D3 receptor
density in the striatum and nucleus accumbens. Female Sprague-Dawley rats (n=22) were fitted with a
subcutaneous vascular access port (Mactutus et al. 1994) and allowed to recover for three days. Administration
of IV cocaine was either chronic (14 X 1 daily) administration or acute (13 X 1 daily saline, cocaine challenge
on day 14). There was no effect of either chronic or acute injections on estrus cyclicity (mean length of estrus =
4.44+0.09 days). Dopamine D3 receptor density was determined by saturation analysis using [3H](+)-7-OH-
DPAT (0.1-10 nM; Wallace and Booze 1995). Labeling of D3 receptors was performed in the presence of 10
mM Gpp(NH)p to prevent [*H](+)-7-OH-DPAT binding to D2 receptors. Preliminary analyses indicate that D3
receptor density was reduced 22% in animals chronically treated with cocaine, compared to the acute group. A
similar trend was also observed in the nucleus accumbens from animals chronically treated with IV cocaine,
suggesting a down-regulation in the density of D3 receptors. Collectively, these data suggest that chronic, but
not acute, IV cocaine administration produces alterations in the dopaminergic system by reducing the density of
presynaptic D3 receptors.

ACKNOWLEDGEMENTS:  Supported by DA-06638, DA-09160 & ES-06259.

FUNCTIONAL MRI DETECTION OF CEREBRAL BLOOD VOLUME REDUCTION IN
HUMANS AFTER INTRAVENOUS COCAINE

M. J. Kaufman; J. M. Levin; S. L. Rose; L. C. Maas; J. D. Christensen; S. E. Lukas; J.
H. Mendelson; B. M. Cohen; and P. F. Renshaw

Alcohol & Drug Abuse Research Center and Brain Imaging Center, McLean Hospital,
Harvard Medical School, Belmont, MA

Cocaine has been shown to alter cerebral perfusion. This study used functional MRI, which offers high
spatial/temporal resolution, to detect the acute effects of cocaine on cerebral blood volume (CBV). Subjects
were nine males aged 31+2 years (mean+SE) reporting casual cocaine use (15£5 lifetime exposures), who tested
negative for recent alcohol/drug exposure. Magnetic resonance imaging was conducted on a 1.5 Tesla G.E.
Signa scanner, retrofit with a whole body echo planar imaging coil. CBV was determined in an axial whole brain
slice positioned above the lateral ventricles and parallel to the orbitomeatal line A steady-state dynamic
susceptibility contrast MRI method was used to measure relative CBV. Using this method, which avoids
artifacts produced by multiple injections of contrast agent, subjects were injected with four boluses of gadoteridol
(0.075 mmol/kg) via an antecubital vein catheter and baseline CBV was determined from the area under the third
bolus curve. Cocaine (0.4 mg/kg, i.v.) was then administered as a slow push over one minute and CBV was
measured 10 minutes later. Cocaine significantly increased pulse rate (+49%), blood pressure (+20%) and
subjective “high”, “euphoria”, and “craving” ratings (P<0.02). Cocaine significantly reduced CBV by 20+5%
(P<0.006), while contrast arrival and mean transit times (measures of blood flow velocity) were earlier and
shorter, respectively (P<0.0005). These findings suggest that cocaine reduces CBV while it increases blood flow
velocity and further document the vasoactive properties of cocaine.

ACKNOWLEDGMENTS: Supported by NIDA grants DA09448, DA04059, DA00064 and DA00115.
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CEREBRAL BLOOD FLOW RESPONSE TO IV COCAINE IN HUMANS:
QUANTITATIVE XENON-133-SPECT STUDIES

P. C. H. Gottschalk; R. L. Van Heertum; G. M. Perera; T. A. Pozniakoff; J. R. Moeller;
W. L. Young; N. D. Volkow; R. W. Foltin; and M. W. Fischman

Columbia College of Physicians and Surgeomdepartments of Psychiatry (Division on
Substance Abuse), Neurology, and Radiology (Nuclear Medicine), New York, NY

Objective To develop a procedure for rapid, repeated determination of regional cerebral blood flow (rCBF) in
humans during a pharmacologic challenge. This pilot study was designed to assess the value of quantitative
blood flow imaging in modeling the effects of cocaine on regional brian activity in relation to its subjective
effects over time. Methods  Subjects were chronic cocaine users, non-opiate-dependent and experienced in
laboratory studies of the behavioral effects of repeated doses of IV cocaine. Each subject was studied on two
separate days in a counterbalanced design- placebo, versus 32mg/70kg cocaine. This dynamic SPECT technique
gives absolute rCBF averaged over four minutes at each time point. On each day, subjects were scanned three
times: at rest, prior to a dose of drug or placebo, and then again at four and eighteen minutes after-- a
pharmacologic activation study. Subjective effects were recorded immediately prior to each scan with our standard
VAS and ARCI battery Results  Initial ROI (region-of-interest) analyses of six subjects show a biphasic
response over time after a dose of cocaine which varies significantly across regions. Blood flow increases
uniformly by 10% at the earliest timepoint after cocaine (4-8 minutes) and decreases variably by 15-20% below
baseline measures at the later time (18-22 minutes), while subjective effects are already waning. The largest
decreases were seen consistently in the cerebellum(17-20%), followed by the left hemisphere (8-12%), and
smallest in the right hemisphere (3-5%). Interestingly, placebo doses induce similar increases early, but less
substantial decreases later, indicating the possibility that conditioned responses to passive cocaine doses exist at
the level of rCBF. These results are consistent with recent studies in mammals by other groups demonstrating
acute increases in cerebrovascular resistance after IV cocaine followed by significant decreases below baseline
levels. This study demonstrates the value of quantitative rCBF-SPECT in evaluating the complex effects of
cocaine on brain function.

PROTON MRS OF HUMAN BASAL GANGLIA AFTER INTRAVENOUS COCAINE
ADMINISTRATION

P. F. Renshaw; J. D. Christensen; M. J. Kaufman; S. E. Lukas; J. H. Mendelson; C. M.
Moore; S. L. Rose; and B. M. Cohen

Brain Imaging Center and Alcohol & Drug Abuse Research Center, McLean Hospital,
Harvard Medical School, Belmont, MA

Proton magnetic resonance spectroscopy (‘H MRS) was used to evaluate changes in basal ganglia metabolite
levels after intravenous cocaine administration. Subjects were 27 males aged 28+5 years (mean+SD) reporting
casual cocaine use (13%14) lifetime exposures), who tested negative for recent alcohol/drug exposure. Studies
were perfomed on a 1.5 Tesla G. E. Signa scanner. PRESS localization was use to acquire 'H MRS signals
from 8 cm’ cubic volume centered in the basal ganglia which contains high densities of cocaine receptors.
Unsuppressed water spectra and suppressed spectra containing resonances for cytosolic N-acetyl-aspartate (NAA),
total creatine (Cr), choline-containing compounds (Cho) and myo-inositol (Ino) were obtained at 5 minute
intervals at baseline and after intravenous one-minute infusions of placebo (n=7), 0.2 mg/kg cociane dependent
manner (P<0.01), while the water signal intensity was unchanged. Cocaine also increased the signal intensity of
all cytosolic resonances in a dose dependent manner. The increase in the NAA resonance was statistically
significant (P<0.01) and that of Cho was nearly significant (P=0.051). These water and metabolite resonance
changes may be indicative of cellular ion imbalance and cell swelling that could be secondary to inhibition of the
Na'/K'-ATPase. ACKNOWLEDGEMENTS: Supported by NIDA grants DA09448, DA04059, Da00064 and
DAO00115.
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ALTERATIONS IN BRAIN CHEMISTRY OF COCAINE ABUSERS STUDIED USING 'H
MAGNETIC RESONANCE SPECTROSCOPY

A. S. Bloom*; S. J. Li°; Y. Wang"; J. Pankiewicz"; H. H. Harsch®; J. K. Cho"; R.
Prost’; and E. A. Stein"

*Departments of Pharmacology and #Psychiatry and “Biophysics Research Institute,
Medical College of Wisconsin, Milwaukee, WI

Chronic cocaine usage and withdrawal in humans has been associated with such neurotoxic effects as psychoses,
altered glucose metabolism and frontal lobe hypoperfusion. Recent advances in in vivo magnetic resonance
spectroscopy (MRS) allow us to noninvasively assay key molecules involved in brain metabolism in humans.
Cocaine dependent subjects (n=14) and age-matched controls (n=12) were recruited from the general population.
Following a screening procedure, subjects in the cocaine group received a predrug spectral scan using a 0.5 Tesla
GE Signa scanner. Spectra were obtained from the left basal ganglia and frontal cortex using a 4 surface coil
with single voxel localization. Several chemical spectra differed significantly in the cocaine group when
compared to the control group. Most notably, the ratio of N-acetylaspartate (NAA) to creatine (Cr) containing
compounds was decreased in both areas. Twenty four hours later, subjects received three doses of cocaine (10, 20
and 40 mg iv) followed by a second MR spectral acquisition. The reduction in NAA/Cr ratio was partially
reversed in frontal cortex after cocaine administration. The ratio of choline containing compounds to Cr was also
reduced with respect to controls in the frontal cortex after cocaine injection. These results suggest that chronic
cocaine use may be associated with neurochemical abnormalities that are responsive to acute cocaine
administration.

ACKNOWLEDGEMENTS: Supported in part by NIDA grant DA09465.

ACTIVATION OF LIMBIC REGIONS DURING CUE-INDUCED COCAINE CRAVING
A. R. Childress; W. McElgin; P. D. Mozley; M. Reivich; and C. P. O’Brien

Addiction Treatment Research Center, University of Pennsylvania School of Medicine and
VA Medical Center, Philadelphia, PA

Cocaine-related cues can be used to reliably evoke drug craving under controlled laboratory conditions. We have
applied this finding in the brain imaging setting to help identify which brain structures are differentially activated
during cocaine craving. Preclinical research has demonstrated that cues which signal cocaine or other natural
rewards can produce increased dopamine release in mesolimbic brain regions. We measured potential limbic
activation during cue-induced craving in human patients by monitoring rCBF (regional cerebral blood flow).
rCBF was imaged in abstinent cocaine patients (n=14) and in controls without a cocaine use history (n=6). The
single imaging session featured 1) resting baseline, 2) non-drug videos, and 3) cocaine-related videos which
reliably induce craving. Imaging of rCBF was accomplished with PET (Positron Emission Tomography) scans,
using radioactively-labeled (O-15) water as the flow tracer, PET scans for each subject were co-registered with an
MRI (magnetic resonance image) to permit anatomical localization of radioactivity. Cocaine patients showed
reliable rCBF increases in amygdala, anterior cingulate and temporal pole during the cocaine video, while caudate
rCBF decreased. Controls did not show this pattern. Neither group showed differential increases in non-limbic
comparison regions. Results suggest limbic activation may be one component of cue-induced craving.

ACKNOWLEDGEMENTS: Supported by NIDA Center 5-P50-DA05186-08 (Project 1/Dr. Childress) and by a
VA Center Grant to Charles P. O’Brien.
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CORRELATION OF CUE-ELICITED COCAINE CRAVING WITH METABOLIC
ACTIVATION IN PREFRONTAL CORTEX AND MEDIAL TEMPORAL LOBE

E. D. London*; S. Grant*; D. Newlin*; V. Villemagne*; R. L. Phillips*; X. Liu*; A,
Kimes*; C. Contoreggi*; and A. Margolin*

*Intramural Research Program, NIDA, NIH, Baltimore, MD, and*‘Substance Abuse
Center, Yale University School of Medicine, New Haven, CT

Environmental stimuli that are regularly associated with drug use are thought to elicit behavioral and
physiological responses that contribute to drug craving and, thereby, to the perpetuation of addiction. As
curbing craving for cocaine has been identified as potential target for therapeutic intervention, knowledge of the
brain mechanisms that underlie craving is needed. In order to elucidate these mechanisms in human subjects,
measurements of regional cerebral metabolic rates for glucose (rCMRglc) using the [F-18]fluorodeoxyglucose
method and positron emission tomography were paired with self-report assessments in cocaine abusers during
two experimental sessions. Testing involved presentation of a neutral videotape on arts and crafts during the
first test session and a cocaine-related stimulus complex (videotape of cocaine-related activity and paraphernalia;
presence of paraphernalia and a small amount of cocaine) during the second. In 13 subjects with a history of
cocaine abuse, but not in five normal controls, rCMRglc in visual association areas and in cortical regions
implicated in working and episodic memory was increased during the presentation of cocaine-related cues
compared to values obtained when neutral cues were presented. Increases in the amygdala and the dorsolateral
prefrontal cortex, brain areas implicated in emotional and working memory respectively, were correlated with
self-reports of cocaine craving. The findings indicate that a distributed neuroanatomical network related to the
memory processing may link exposure to relevant environmental cues with the genesis of cocaine craving.

CHANGES IN BRAIN PERFUSION DURING OPIOID DEPENDENCE: SPECT IMAGING
WITH Tec-99M-HMPAO

L. Pezawas; G. Fischer; K. Diamant; C. Schneider; S. Schindler; G. Forster; H. Eder; I.
Podreka; and S. Kasper

University Hospital for Psychiatry, Clinical Department of General Psychiatry, Vienna,
Austria

The aim of this study was to describe abnormalities in brain perfusion in pure opioid dependent patients (DSM-
IV 304.00). Twenty-one opioid dependent patients were included and Tc-99m-hexamethyl-propylene-oxime (Tc-
99m-HMPAO) brain single photon emission computed tomography (SPECT) was performed to evaluate
regional cerebral blood flow (rCBF). Cerebral computed tomography (CCT) was administered to seventeen
patients in order to assess the possible effects of substance abuse on brain morphology. Drug history was
evaluated with Europe-Addiction Severity Index (ASI). Present drug consumption was screened by urine
samples with EMIT. Thirteen patients were undergoing a detoxification treatment and eight patients a
methadone maintenance program. Just before imaging all subjects were examined in order to detect withdrawal
symptoms with Wang’s withdrawal scale. No subject showed withdrawal symptoms. Normalized rCBF-values
in corresponding regions of interest (RIO) in both hemispheres were compared. Significantly higher left sided
rCBF-values were found in the pre- and postcentral gyre (p=0.001), the mesiotemporal (p=0.003), superior
temporal (p=0.003) and inferior parietal cortex (p=0.007). This study shows changes in brain perfusion during
opiate dependence.

119



IMAGERY AND PET IMAGING OF CRAVING EXPERIENCES IN ABSTINENT
OPIATE ADDICTS

A. Weinstein; A. Malizia; S. Wilson; J. Bailey; S. Britten#; C. Brewer*; and D. Nutt

Psychopharmacology Unit Medical School, Bristol University (Weston Area Health
Trust “Stapleford Centre, London, UK

Craving is a major factor in addiction, predicting poor outcome to treatment. In order to better understand the
brain mechanisms of craving we have developed an imagery-based procedure using personal scripts of craving
in abstinent opiate addicts. Six subjects were required to imagine and describe their craving experiences while
autonomic measures of heart rate and mean arterial pressure were taken. A significant increase in mean arterial
blood pressure while describing drug craving compared with neutral descriptions was observed in all subjects.
These results provide preliminary evidence that the active imagery technique together with autonomic
measures is a useful tool in the assessment of craving for opiates. We are now using this procedure in order to
explore the brain substrates for craving using 15-O water as the blood flow tracer in PET scans. Subjects are
scanned whilst they listen to their own scripts of craving and neutral descriptions, with each repeated six
times. So far two patients have been successfully studied, their data and those from a further four to be
completed will be presented at the meeting.

OPIOID RECEPTOR BINDING IN METHADONE MAINTAINED FORMER HEROIN
ADDICTS BY PET [IMAGING]| USING ["®*F]CYCLOFOXY

**M. Kling; *L. Borg; **A. Zametkin; *J. Schluger; *R. Carson; *J. Matochik; R.
Maslansky; *R. Khuri; *A. Wells; *S. Lambert; *iJ. Kreuter; “P. Herscovitch; *W.
Eckelman; *'K. Rice; *A. Ho; and *M. J. Kreek

*The Rockefeller University, New York, NY, **NIH-NIMH, Bethesda, MD, 7‘NIH-NIDA,
Baltimore, MD, 'NIH-NIDDK,'NIH, Brain Imaging Section, Bethesda, MD

We have studied opioid receptor binding by PET imaging using ['°F] cyclofoxy, in 13 long term, stabilized
methadone maintained patients (MMP) with no on-going drug abuse and in 11 healthy control subjects (CS).
The MMP were stabilized on daily maintenance doses ranging from 30 - 90 mg/day. MMP were characterized
with respect to medical, psychiatric and drug abuse history, as well as with respect to neuroendocrine status at
the Rockefeller University Hospital; they were then studied with PET imaging (Scanditronix 2048-15B) at the
NIH Clinical Center. These findings concur with findings of other studies, that normalization of most aspects
of physiology and behavior occur during clinically effective treatment with methadone. After correcting data
from all scan slices in each subject for movement of head, no laterality of significance was found for any
single brain region in either study group. The six brain regions selected in advance of this study, because of
the greatest interest for addictive disease and pain research, were subsequently found to be the areas of most
extensive mu (kappa) opioid receptor binding: thalamus, amygdala, caudate, insula, anterior cingulate and
putamen, in descending order for total and specific binding. Specific binding was reduced from 23% to 35% in
the six brain regions in methadone maintained former heroin addicts studied 22 hours after the last oral dose of
methadone (Group F [1,22] = 18.27, p<0.0005). Over 65% of mu (kappa) opioid receptors were found to be
available for opioid ligand binding in methadone maintained patients. (Supported in part by DA-P50-05180,
DA00049 and M01-RR00102)
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FLUMAZENIL ANTAGONIZES THE DISCRIMINATIVE STIMULUS EFFECTS OF
TRIAZOLAM IN HUMANS

B. J. Smith and W. K. Bickel
University of Vermont, Burlington, Vermont

Human subjects were trained to discriminate triazolam (0.35 mg/70 kg) from placebo under a standard two-
response drug discrimination procedure. Testing was conducted in a counterbalanced design under a two-
response and a novel-response procedure, in which subjects were told to respond on a novel-response alternative
if they received a drug unlike either training stimulus. During each testing session, subjects received capsules
containing 0, 0.35 or 0.56 mg/70 kg triazolam. Forty-five minutes after capsule ingestion, either increasing
doses of IV flumazenil (0, 0.15, 0.45 and 1.05, mg/70 kg) or successive placebo doses were administered.
Thus far, preliminary results have been obtained under the two-response procedure in two subjects. When 0.56
mg/70 kg triazolam was followed by placebo IV administrations, 100% triazolam-appropriate responding was
occasioned and self-reports of sedation were increased compared to baseline in both subjects. When 0.56 mg/70
kg triazolam was followed by increasing doses of flumazenil, responding shifted from 100% triazolam-
appropriate at the lower doses of flumazenil (0, 0.15 mg/70 kg) to 100% placebo-appropriate at the higher
doses of flumazenil (0.45, 1.05 mg/70 kg) in both subjects. Similarly, on these sessions, self-report ratings of
sedation decreased as the dose of flumazenil increased. These preliminary results indicate that the discriminative
and self-reported effects of triazolam are antagonized by flumazenil in human triazolam discriminators.

ANTICONFLICT ACTIVITY OF DIAZEPAM IN RATS TRAINED TO DISCRIMINATE
DIAZEPAM FROM VEHICLE

J. L. Wiley; K. M. Golden; and R. L. Balster

Department of Pharmacology & Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond, VA

Benzodiazepines such as diazepam produce both therapeutic effects (antianxiety effects) and unwanted side effects
(intoxication). In the present study, an animal model was developed that allowed examination of diazepam-like
discriminative stimulus and anticonflict effects of a drug in the same rats during a single session. Rats, trained
to discriminate diazepam (5 mg/kg, i.p.) from vehicle in a 2-lever drug discrimination procedure, were
subsequently trained to press a third lever under a multiple FI (60 sec) FR5+shock schedule of food
presentation. Diazepam (0.75-10 mg/kg) produced dose-dependent substitution for the training dose in all rats;
however, it produced anticonflict effects in only five of the eight rats. In four of these five rats, diazepam
slightly increased punished responding at a dose that produced predominantly vehicle-lever responding, although
an additional increase in punished responding was observed at higher doses that produced responding mainly on
the diazepam lever. These results demonstrate the potential utility of a new method to directly compare the
anxiolytic and discriminative stimulus effects of drugs.

ACKNOWLEDGEMENTS

Research supported by NIDA grant DA-01442.
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EFFECTS OF ZOLPIDEM AND TRIAZOLAM ON HUMAN PSYCHOMOTOR AND
COGNITIVE PERFORMANCE

M. Z. Mintzer; J. M. Frey; and R. R. Griffiths

Johns Hopkins University School of Medicine, Baltimore, MD

Zolpidem (ZOL) is an imidazopyridine hypnotic with selective affinity for a subclass of the benzodiazepine
(BZ,) receptor. Human laboratory studies comparing ZOL with the benzodiazepine hypnotics suggest similar
psychomotor and cognitive performance profiles for the two classes of hypnotics. The present double-blind,
placebo-controlled, crossover study evaluated the effects of orally administered ZOL (5, 10, 20mg/70kg) and the
benzodiazepine hypnotic, triazolam (TRZ; 0.125, 0.25, 0.5mg/70kg) on psychomotor performance (circular
lights and the digit symbol substitution test - DSST) and cognition (word recall, digit entry and recall, time
estimation and a computerized version of the Trail-Making Test) in normal human subjects (N = 11). ZOL and
TRZ produced comparable decrements in performance on the circular lights and DSST tasks. Relative to
placebo, both drugs significantly impaired recall of a word list presented after drug administration and had a
tendency to enhance recall of a comparable word list presented before drug administration. On measures of
temporal estimation, TRZ (0.5mg/70kg), but not ZOL, increased estimates of a 5 sec. period and decreased
estimates of an 80 sec. period. While both ZOL and TRZ impaired general performance on the Trails-B task
(total time of completion), there were significant drug interactions on other measures of Trails-B performance:
ZOL, but not TRZ increased the number of target and sequence errors, and total length of the trail. These
findings demonstrate a unique psychomotor and cognitive performance profile for zolpidem in human subjects.

ACKNOWLEDGEMENTS:

Supported by NIDA grant DA03889.

ABUSE LIABILITY OF FLUNITRAZEPAM AND TRIAZOLAM IN METHADONE
MAINTENANCE PATIENTS

M. Farre’; M. T. Tera’n; P. N. Roset; E. Menoyo; M. Torrens; and J. Cami

Department of Pharmacology and Toxicology, Institut Municipal d’Investigacio Medica
(IMIM), Universitat Auto’'noma de Barcelona, Barcelona, SPAIN

Benzodiazepines (BZD) are frequently abused by opioid-dependent and methadone-maintenance patients (MP).
In Spain, as well as in other countries, flunitrazepam (FNZ) is the most frequently abused BZD. When MMP
were asked about their liking about different BZD, FNZ obtained the highest score. In healthy volunteers, FNZ
produced some effects that could be related to a high abuse potential. The present investigation was designed to
study the specific abuse liability of FNZ in MMP. Eight volunteering MMP (40-50 mg daily) received in a
randomized, double-blind, cross-over design the following six single-dose drug conditions: FNZ (1, 2 and 4
mg), triazolam (TZ, 0.5 and 0.75 mg), and placebo. Repeated assessments of subjective effects and
psychomotor performance were done over 6 h with a set of 14 visual analog scales (VAS), ARCI 49-item short
form, simple reaction time (RT), digit symbol substitution task (DSST), balance, and Maddox wing. No
differences were found between placebo and FNZ 1 mg. Active treatments presented a dose-effect relationship
in almost all the variables. Both BZD produced increases in sedative-related actions (e.g. psychomotor
performance impairment). FNZ 4 mg increased ARCI-MBG and high scores in comparison to all other
conditions. The results suggest that FNZ could present a higher abuse liability than TZ in MMP.

ACKNOWLEDGEMENTS
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COMPARING BEHAVIORAL CHARACTERISTICS OF ALCOHOLICS NEEDING/NOT
NEEDING LIVER TRANSPLANT

R. Weinrieb*; J. Calarco; P. J. Fudala*; A. I. Alterman; M. Lucey; and C. O’Brien*

University of Pennsylvania School of Medicine, Philadelphia, PA and *Department of
Veterans Affairs Medical Center, Philadelphia, PA

Alcoholics are the most common group of individuals presenting for and receiving liver transplants in this
country. Considerable debate exists in the literature as to whether alcoholics should receive equitable
consideration with other candidates, given the limited supply of available livers and the enormous cost of
transplant surgery. Scant data exists comparing alcoholics awaiting liver transplant to alcoholics not in need
of transplant, and available information suffers from a lack of rigorous methodology. The purpose of this
pilot study is to compare whether drinking patterns, mood states, and motivation for treatment differ in these
two populations. This study will compare baseline data from 40 outpatients awaiting transplant who are part
of a larger study evaluating the effects of naltrexone/placebo treatment for alcoholism post transplant to 40
outpatients who present for another naltrexone/placebo alcoholism treatment study, but are not in need of
transplant. All patients satisfy DSM IV criteria for alcohol dependence. Patients will receive an alcohol
breathalyzer, urine drug screen, Serum Carbohydrate Deficient Transferrin, Addiction Severity Index,
Treatment Services Review, Time Line Follow Back, Lifetime Drinking History (LDH), Alcohol Craving
Scale, Symptom Check List-90, SF-36 (health functioning and quality of life), and the Stages of Change and
Treatment Eagerness Scale. Subject recruitment is ongoing; Preliminary results from 8 pre-transplant and
nine naltrexone subjects showed no significant differences in sociodemographics, SCL-90, or LDH data. The
SF-36 and ASI showed worse health functioning for the pre-transplant group. Clinical observations show a
trend for more IV drug use and Hepatitis C in the pre-transplant group. Implications suggest alcohol
treatment interventions need not differ for pre-transplant alcoholics. The link with Hepatitis C and other data
need further study. ACKNOWLEDGEMENT: Sponsored by NIAAA grant AA00197-02

USING FUZZY LOGIC MODELLING TO PREDICT RESPONSE TO
PHARMACOTHERAPY IN ALCOHOL DEPENDENCE

C. A. Naranjo; M. Bazoon; K. E. Bremner; and I. B. Turksen
Sunnybrook Health Science Centre and University of Toronto, Toronto, Canada

The serotonin reuptake inhibitor citalopram (C) reduced short-term alcohol intake [AI] in 3 placebo [P]-

controlled studies in 162 patients [pts] drinking 6.5+2.7 (x£SD) drks/day. Average decrease in Al was greater

with C40 mg/d and brief psychosocial intervention [C+BPI] (47%) than with P+BPI (24%) or C40 mg/d
alone (28%); effects of P (6%) and C20 mg/d (0.1%) were lowest (p<.05) but SDs>20% indicated wide and

unpredictable variations in response. We used fuzzy logic, an alternative to binary logic developed by
engineers to deal with the “greyness” of the real world, to attempt to predict responders to C. “If-then” rules
were developed to relate baseline Al, age, anxiety, depression, alcohol dependence, alcohol-related problems,
and treatment response (% decrease in Al). It showed that older pts (31-66 yrs) responded better than younger
(19-58 yrs) and that P and C20 had small effects, but otherwise did not detect differences among treatments.

As C40 treatments had the highest average responses and may have clinical use, they were further analyzed.

Baseline Al, age, anxiety, depression, and alcohol dependence predicted response to C40+BPI (n=28) with bias
of -1.0 and precision of 3.69. Pts who reduced Al >75% drank < 6 drks/d in baseline, were 44-63 yrs old and
had low anxiety and depression; higher anxiety, depression, alcohol dependence and baseline Al reduced the
effect size. Many younger pts (31-52 yrs) had little change in Al, and anxiety reduced response. Another set of
rules predicted response to C40 (n=34) with bias of .19 and precision of 3.28. Pts who reduced Al >50% were
26-47 yrs old, drank 5-10 drks/d in baseline, and had low anxiety and depression. Attributes of pts who reduced
Al < 10% overlapped these ranges, so could not be distinguished from good responders. Thus, fuzzy logic
predicted response better than standard statistical methods. Further modelling of response to pharmacotherapy
with fuzzy logic is warranted.
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ADULT ATTENTION-DEFICIT HYPERACTIVITY DISORDER IN COCAINE ABUSERS:
PSYCHIATRIC COMORBIDITY AND PATTERN OF DRUG USE

F. R. Levin; S. M. Evans; J. C. Seham; D. Baird; and H. D. Kleber
Columbia University and NY State Psychiatric Institute, New York, NY

This study assessed the prevalence of adult attention-deficit hyperactivity disorder (ADHD) in cocaine abusers
seeking treatment. The interview consisted of multiple assessments including: the SCID for DSM-IV (for Axis
I and Axis II psychiatric diagnoses), a SCID-like module for adult ADHD, and dual-diagnosis and pattern of drug
use questionnaires. At present 204 psychiatric interviews out of 300 have been completed. Twenty four percent
had childhood ADHD or childhood ADHD.NOS (not otherwise specified). Of these, approximately 75%
continued to have impairing ADHD symptoms into adulthood. An additional 12% of the sample had substance-
induced (S-I) ADHD. Individuals with persistent adult ADHD symptoms were more likely to have hyperactive-
impulsive symptoms (X’=7.64, 1 df, p<0.05), whereas those with S-I ADHD were more likely to have
inattentive symptoms (X°=5.15, 1 df, p<0.05). Affective disorders were the most prevalent additional diagnosis
among all groups. Whereas adults with persistent ADHD symptoms most commonly had antisocial personality
disorder (30%) those with S-I ADHD most commonly had paranoid disorder (17%). Adults with persistent
ADHD achieved the longest period of abstinence: adults with S-I ADHD symptoms spent more money on
cocaine prior to seeking treatment. Among individuals with persistent adult ADHD, 67% of those with cocaine
abuse/dependence felt that cocaine made their symptoms worse, whereas 60% of those with marijuana
abuse/dependence felt that marijuana had no effect or made their ADHD symptoms “better.” No one with S-I
ADHD felt that cocaine, marijuana, or alcohol improved their ADHD symptoms. Based on these findings, there
is a subpopulation of cocaine abusers with adult ADHD symptoms. Although cocaine may initially provide
symptomatic relief for some individuals, with continued cocaine use and dependence, cocaine was more likely to
exacerbate their psychiatric condition.

Supported by NIDA DA08650-02 and SDAC K20DA00214-02

PERSONALITY DISORDER AND DIMENSION DIFFERENCES IN TYPE A AND TYPE
B SUBSTANCE ABUSERS

S. A. Ball(1); H. R. Kranzler(2); H. Tennen(2); J. C. Poling (1); and B. J. Rounsaville

Yale University School of Medicine (1), New Haven, CT. University of Connecticut
School of Medicine (2), Farmington, CT

Previous research has found at least two subtypes of substance abusers which differ on multiple characteristics,
including family history, personality, childhood behavior problems, age of onset, symptom severity,
consequences, and outcome. Type A seems to be a less severe subtype with fewer premorbid risk factors. The
more severe Type B has a higher incidence of Antisocial Personality, but subtype differences have not been
examined for the other personality disorders or the normal personality dimensions believed to underlie the
personality disorders. The Type A-Type B distinction was replicated and subtype differences in DSM-IV
personality disorders and personality dimensions from five (NEO) and seven (TCI) factor models were evaluated
in 370 inpatient and outpatient alcohol, cocaine, and opiate abusers. In comparison to Type As, Type Bs were
more commonly diagnosed with and had more severe symptoms of all personality disorders except Schizoid.
With regard to normal personality dimensions, Type Bs scored higher on Neuroticism, Novelty Seeking, Harm
Avoidance, and Cooperativeness, and lower on Agreeableness, Conscientiousness, and Self-Directedness than
Type A substance abusers. These subtype differences remained significant after controlling for the effects of
antisocial personality and psychiatric symptoms.

ACKNOWLEDGEMENTS: Supported by NIDA grants ROl DA05592 and P50 DA09241.
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THE ROLE OF AXIS I DIAGNOSIS IN SUBSTANCE ABUSE
TREATMENT OUTCOME WITH HOMELESS COCAINE ABUSERS

C. L. McNamara; J. B. Milby*; J. E. Schumacher; S. J. Popkin*; D. Wallace; T. McGill; and M. Michael
University of Alabama at Birmingham and BVAMC*

This study examined the relation between the presence of DSM-III-R Axis I psychiatric disorders and cocaine
addiction treatment outcome in homeless clients. Dually diagnosed clients were hypothesized to be less
successful initiating abstinence than cocaine abusers without comorbid psychiatric disorders. Fifty subjects
engaged in a larger study of day treatment for cocaine abuse were randomly assigned to either a day treatment
only group (Control) or the same day treatment plus abstinent contingent housing and work therapy
(Experimental). Psychiatric diagnosis was determined after professional administration of computer guided
DSM-III-R interview. Sixty percent of clients had one or more Axis I diagnoses including anxiety disorders
(66%), mood disorders (63%), organic mental disorders and syndromes (7%) and other (13 %). A preliminary
2 x 2 Kruskill-Wallis test of urinalysis results obtained over the 8 week treatment revealed control clients
with Axis I diagnoses (CA) attained 2 fewer consecutive weeks abstinent than control clients without Axis I
(CNOA) diagnoses or experimental clients of ether diagnostic status (EA, ENOA). While clinically important,
results were statistically nonsignificant (p<0.075), perhaps due to small N. However, when comparing the
CA group with the combined EA, ENOA, and CNOA groups, a Mann-Witney U two group test showed a
significant difference in consecutive weeks abstinent (p=.01). Thus abstinence in the day treatment plus
housing and work therapy group did not differ as a function of psychopathology, while it did in the day
treatment only group. These results suggest that homeless dually diagnosed clients may have differential
treatment needs. Supported by NIDA grant RO1 DA8475

Consecutive weeks abstinent by treatment group and diagnostic status.

Groups Control Experimental
Axis I M=3.0 (SD)=2.8 M=5.0 (SD)=2.7
Without axis I M=5.2 (SD)=2.4 M=5.3 (SD)=2.6

GENDER DIFFERENCES IN PSYCHIATRIC COMORBIDITY AMONG COCAINE
USERS

S. Magura; S-Y. Kang; A. Rosenblum; L. Handelsman* and J. Foote
National Development and Research Institutes, Inc.; New York, NY; *Mount Sinai
Medical School, New York, NY

High levels of psychiatric comorbidity have been documented previously among substance abusers. The
study’s purpose was to determine whether distinct clusters of psychiatric diagnoses could be identified, and
whether these differed for males (M) and females (F). Subjects: 212 methadone patients all with current
cocaine dependence or abuse. Axis I (all) and Axis II (Anti-social Personality Disorder only) diagnoses were
made using the Structured Clinical Interview for DSM-III-R-(SCID). Sample characteristics: M (59%) F
(41%);1 Hispanic (53%), black (34%) white/other (13%); less than h.s. grad. (59%), h.s./GED (29%) post
h.s. (12%). Current diagnoses were (M/F, in %); mood disorders (38/46), anxiety disorders (24/46, p<.001),
alcohol (27/21), opioids-illicit (26/24) sedative/cannabis (18/15), ASPD-full criteria (32/17, p<.05), ASPD-
adult criteria (46/43). In log linear analysis, mood and anxiety disorders were positively associated for F but
not for M (p<.05) test for interaction); anxiety disorders and adult ASPD were positively associated for F and
negatively associated for M (p<.01, test for interaction). Certain other diagnostic clusters existed across
gender, in particular, continuing dependence on illicit opiates while in methadone treatment was associated with
increased risks of sedative/cannabis dependence and mood disorders. Male and female substance users in this
population display significant variation in psychiatric comorbidity profiles that may require different clinical
interventions. The empirical syndromes identified by multivariate analysis may also have prognostic utility;
this should be investigated by further research.

ACKNOWLEDGEMENTS; Supported by NIDA grant DA06959
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QUANTITATIVE EEG, COMORBIDITY AND TREATMENT OUTCOME IN COCAINE
DEPENDENCE

L. S. Prichepl; K. R. Alperl; S. C Kowalikl; and M. S. Rosenthal’

‘Brain Research Laboratories, Department of Psychiatry, New York University Medical
Center, New York, NY; ‘Phoenix House Foundation, New York, NY

This study investigates the retlationship between quantitative EEG (QEEG), comorbidity, and treatment
outcome in a population of cocaine dependent adults. Fifty-one males and 27 females with DSM III-R, cocaine
dependence, residing in a drug-free therapeutic community, were evaluated 5-14 days after last cocaine use. We
have previously reported the existence of a distinctive persistent QEEG profile in such a population,
characteritzed by deficits of slow frequencies, excesses of alpha activity, greater anterior abnormalities and inter-
hemispheric disturbances. The presence of depression, sociopathy, and anxiety features were assessed by
psychiatric and self-rating scales. Existence of comorbid depression and/or alcohol abuse meeting DSM III-R
diagnostic criteria was assessed by psychiatric screening. No significant differences were seen in clinical
features at baseline between males and females. However, an interaction between gender, comorbid
symptomatology, QEEG and length of stay in treatment (LOST) was observed, with females who stay in
treatment longer (>10 weeks) having the lower depressive ratings at baseline, and showing less slow wave
deficit and more normal alpha activity in their QEEGs.

ACKNOWLEDGEMENT: This work was supported by NIDA grant RO1 DA07707

PSYCHIATRIC COMORBIDITY OF COCAINE-DEPENDENT OUTPATIENTS;
CORRELATION WITH TREATMENT OUTCOME

G. W. Hall*; R. Y. Takushi*; N. J. Carriero; L. A. Kahler; 1. D. Montoya; K. L.
Preston; and D. A. Gorelick

NIH-NIDA, Division of Intramural Research, Baltimore, MD and *Center for Drug Abuse
Research, Howard University, Washington, D. C.

We studied the prevalence of psychiatric comorbidity and its influence on treatment outcome (length of stay
[LOS], percent of urine samples positive for benzoylecgonine [%-+urines]) in 113 subjects (mean age 33 years
[range 21-47 years], 72% male, 68% African-American, 31% white) entering either of two eight-week
outpatient medication trials for treatment of cocaine dependence. All subjects received weekly drug abuse
counseling and gave urine samples under direct staff observation. Subjects were excluded if they had current
severe psychiatric symptoms or need for treatment, based on clinical interview or SCL-90R general distress
score >70. DSM-III R diagnoses (Axis I, antisocial personality disorder [ASP]) were generated from the
Diagnostic Interview Schedule done during screening. Forty-eightseven percent of subjects had >1 other
current (one year) diagnosis, 63% had >1 other lifetime diagnoses. The commonest comorbidities were anxiety
disorders (32% of subjects), affective disorders (12%), and ASP (S27%). There were not significant correlations
between number of lifetime or current diagnoses or psychiatric symptoms and either outcome variable, except
between number of lifetime diagnoses and LOS (r + 0.21, p = 0.03). Subjects with an affective or anxiety
disorder or ASP did not differ significantly from those without one either outcome variable. Women and
African-Americans had significantly poorer treatment outcome, possibly confounding the influence of
psychiatric comorbidity. These findings suggest that lifetime or inactive psychiatric comorbidity may not
influence drug abuse treatment in the same way as current or active comorbidity, which has been associated
with poorer treatment outcome.

Supported by NIDA intramural research funds.
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PRE- OR POSTNATAL EXPOSURE TO A K AGONIST ALTERS DOPAMINE
RECEPTOR DEVELOPMENT IN RAT BRAIN

D. E. Walters and G. J. Shieh

Division of Pharmacology, Department of Pharmacal Sciences, School of Pharmacy,
Auburn University, Al

To determine if prenatal or posnatal exposure to a k opioid alters brain DA or k receptor development, 14-day
osmotic pumps containing U-50488 (U50), 79 mg/ml, or vehicle were implanted into pregnant rats on GD14.
At birth, the litters were culled to nine pups per litter with at least four male pups per litter. Pre- and postnatal
exposure groups were obtained by cross-fostering litters born to control and experimental mothers. Control
litters were cross-fostered to other control mothers. On PD 14 or 28, the brains of male offspring were dissected
for nucleus accumbens (Nac) and striatum to determine the binding capacity (Bmax) and apparent dissociatinon
constant (Kd) of DA D1, D2, and k opioid receptors. Similar tissues from all male offspring in a given litter
were pooled so that each litter represented an n of one with an n of 4-6 litters per group. Prenatal or postnatal
exposure to US50 signigicantly (p<0.05, ANOVA) increased the Bmax of DA DI, but not D2 or K, receptors in
the Nac and striatum of 14- and 28-day-old offspring. Exposure to U50 had no significant effect on the Kd of
D1, D2, or k receptors in either brain area at either age. The results suggest that k opioid mechanisms might be
involved in the neurological changes observed in offspring born to mothers addicted to opioids during pregnancy.

ACKNOWLEDGEMENTS: Supported by NIDA grant DA-07968-02.

DUAL DIAGNOSIS RELAPSE PREVENTION (DDRP): A PRELIMINARY OUTCOME
REPORT

D. Ziedonis; K. D’Avanzo; B. Kasuba; W. Cosentino K. Trudeau; P. Harris; and L.
Harmon

Yale University School of Medicine, Connecticut Mental Health Center - Substance
Abuse Center, New Haven, CT

The preliminary findings of our Phase 01, NIDA funded Dual Diagnosis Relapse Prevention (DDRP)
psychotherapy development grant are presented. DDRP was developed for schizophrenic substance abuse
patients seeking treatment in a community mental health center. In brief, DDRP is a motivation based model
which integrates and modifies traditional substance abuse relapse prevention treatment with psychiatric social
skills training. It is based on cognitive-behavioral theory and the goals of treatment are linked with a patient’s
motivational level to change substance use. Our pilot research studies (N=100) suggest that (1) DDRP
significantly increased patient treatment attendance (51%) compared with traditional OPD dual diagnosis group
(26%); (2) 3 pilot studies of DDRP revealed high rates of treatment completion: 76%, 55%, and 88% and an
average reduction in self report cocaine use (46%); (3)Urine toxicology showed reduced rates (46%) and (54%) of
cocaine use for two groups of DDRP patients; and (4) Motivation as reflected in stage of change was shown to
shift over the course of treatment and appears to be related to a decrease in substance use and an increase in
treatment completion and group attendance. These findings support the continuation of DDRP psychotherapy
development and completion of a phase 02 randomization study of this promising approach for dual diagnosis
treatment.

Acknowledgements: Supported by: NIDA RO1- DA09127 and KRO - DA0193 (DMZ).
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EFFECT OF PERINATAL METHADONE (M) ON STRIATAL CHOLINERGIC AND
DOPAMINERGIC NEURONS

S. E. Robinson; J. R. Maher; M. J. Wallace; and P. M. Kunko

Department of Pharmacology & Toxicology, Medical College of Virginia, Virginia
Commonwealth University, Richmond, Virginia

The present study was designed to determine the effect of perinatal methadone exposure on cholinergic and
dopaminergic neurons. On day 7 of pregnancy, female Sprague-Dawley rats anesthetized with methoxyflurane
were implanted s.c. with osmotic minipumps filled with M (9 mg/kg/day) or sterile water (W). Within 24 h of
birth, litters were culled to 10, with equal numbers of male and females wherever possible, and fostered to dams
implanted with minipumps containing M or W, so that W/W, W/M, M/W, and M/M prenatal/postnatal
exposure groups were obtained. On postnatal days 4 and 21 (P4 and P21), striatal acetylcholine (ACh),
dopamine (DA), and dihydroxyphenylacetic acid (DOPAC) contents were determined. ACh turnover rate was
assessed on P21. A significant prenatal treatment effect was observed on P4 with striatal ACh content
significantly reduced in pups from both methadone prenatal exposure groups (F1,78 = 20.662, p < 0.0001).
There was a statistically significant effect of postnatal treatment (F,3, = 6.296, p < 0.05) as well as a
significant interaction between the prenatal and postnatal treatments (F,;, = 4.241, p < 0.05) on the ratio
DOPAC/DA. Consistent with withdawal, this ratio was significantly reduced in M/W rats. On P21 there was
a significant prenatal treatment effect on striatal ACh turnover (F, s, = 11.165, p < 0.005). DA metabolism
was not affected in these rats. These data suggest that prenatal exposure, not neonatal withdrawal, disrupts the
development of striatal cholinergic neurons.

ACKNOWLEDGEMENTS:
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METHADONE MAINTENANCE OF > 80 MG DURING PREGNANCY
K. Kaltenbach; M. Comfort; D. Rajagopal; and G. Kumaraswamy

Department of Pediatrics, Jefferson Medical College, Thomas Jefferson University,
Philadelphia, PA

Although the use and effects of methadone maintenance during pregnancy have been well investigated, the
optimal dose of methadone for maintenance during pregnancy remains a topic of clinical debate.
Recommendations vary from low dose, i.e., should be reduced to<20 mg late in pregnancy, to that of lowest
“effective dose” which may be in any range and require dose increases even during the last trimester. However,
little information exists regarding high dose, <80 mg, during pregnancy. This study presents data for 17
women who received methadone maintenance of > 80 mg during pregnancy (X =81 mg with a range of 65-106
mg) and 22 women who received <80 mg (X:=52 mg with a range of 31-74 mg). No significant differences
were found between groups on birth outcomes [birthweight (<80 mg)X:=2637 gm, (>80 mg) X:=2674 gm;
length (<80 mg) X:=47 cm, (>80 mg) X=47 cm; head circumference (<80 mg)X:=31.9 cm, (>80 mg) X--32.6 cm;
GA (<80 mg) X =37 wks, (>80 mg)X:=37 wks] or severity of withdrawal. Overall, women who received > 80
mg were more successful in reducing their drug use during pregnancy as indicated by percentage of urine drug
screens that were positive only for methadone. However, length of time in methadone maintenance treatment,
history of other drug use, and maintenance dose prior to pregnancy are factors that must also be taken into
account in evaluating methadone dose during pregnancy.
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TREATMENT OUTCOME FOR PERINATAL SUBSTANCE ABUSERS HIGH AND LOW
IN PSYCHOPATHOLOGY

K Ingersolll; K Dawsonz; J. Kniselyl; D. Haller1’3’4; and S. Schnoll”’

Departments of 1Psychiatry, ’Biostatistics, Internal Medicine, and 4Anesthesiology,
Medical College of Virginia/Virginia Commonwealth University, Richmond, VA

Do women high in psychopathology, hypothetically “matched” to treatment, have differential outcomes from
low psychopathology women? Outcome for two clusters of perinatal substance abusers in high intensity
outpatient treatment was examined. Forty-six women were classified as High or Low psychopathology by
MMPI-2 cluster analysis. Mixed models repeated measures ANOVA and univariate t-tests revealed that High
and Low groups showed differential improvement on the Addiction Severity Index (ASI), Millon Clinical
Multiaxial Inventory-II (MCMI-II), and MMPI-2. The High group improved on ASI Alcohol, Family, and
Psychiatric Severity Scores, while the Low group improved only on the Drug Score. Both High and Low
groups improved on the MCMI-II’s Debasement and Dysthymia scales: the High group on on the Major
Depression scale and the Low group decreased on the Borderline scale. Both groups decreased on MMPI-2
scales 2, 3, 4, 6, and 8, reflecting decreases in depression, repression, acting-out, suspiciousness, hostility, and
alienation. The High group also decreased on scale 7 (anxiety, rumination) and the Low group decreased on scale
1 (somatization). High intensity, perinatal-specilic treatment produced significant change in both high and low
psychopathology subjects. High psychopathology subjects experienced symptomatic relief and lowered
psychiatric severity, while Low psychopathology subjects experienced improvement in acting-out, somatic
complaints, and general distress. Greater numbers of scales improved for the High group, possibly indicating
more improvement due to “matching” of subjects to treatment intensity. Future research should investigate
whether Low psychopathology women, 75% of the perinatal substance abuse sample, would benefit equally well
from less intensive treatment. ACKNOWLEDGEMENT: Supported by NIDA grant DA-06094

CHANGES IN METABOLISM OF METHADONE DURING PREGNANCY

M. Jarvis; J. Knisely; and S. Schnoll
Medical College of Virginia/Virginia Commonwealth University Richmond, Virginia

Previous studies have shown that the half-life of methadone is reduced during the late stages of pregnancy.
Further studies are in progress to explain the changes in metabolism. Both pregnant and non-pregnant
methadone-maintained subjects were admitted under an IRB-approved protocol to the Clinical Research Center at
the Medical College of Virginia. Plasma methadone levels were collected at defined intervals throughout one
24-hour period, with subjects at steady state on an oral regimen. The following parameters were calculated
using the iv methadone levels from two patients: The concentration vs. time plots permitted calculation of the
area under the curve (AUC) which was used to calculate total body clearance rates for both groups. Total body
clearance is comparable to previously published data', though renal clearance is substantially decreased. Volume
of distribution is greatly expanded, as would be expected during pregnancy. The half-life of methadone was found
to be significantly decreased during pregnancy as compared to the non-pregnant state. Median pregnant half-life
of 20.4 was compared to the median non-pregnant half-life (32 hours) using the Wilcoxin Rank sums test, and
was found to be significant (p = .0503). These studies will help to define the alterations in methadone
metabolism that occur in pregnancy and assist in developing better dosing procedures for pregnant women.

'Inturrisi, er al. 1987. Pharmacokinetics and pharmacodynamics of methadone in patients with chronic pain.
Clinical Pharmacology and Therapeutics. 41:293-401.
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PRENATAL COCAINE EXPOSURE AND PERCEPTUAL DEVELOPMENT: EFFECTS AT
FOUR AND SEVEN MONTHS

R. L. Freedland; B. Z. Karmel; and J. M. Gardner

Department of Infant Development, NYS Institute for Basic Research in Developmental
Disabilities, Staten Island, NY

Infants’ sensitivity to implied orientation contours inherent to herringbone patterns in healthy non cocaine-
exposed (Non-CE) and cocaine-exposed (CE) infants was assessed using a visual recognition memory (VRM)
paradigm. Adults perceive a global orientation from the arrangement of local line segments oriented at right
angles to each other, independent of orientation. Global perception of these patterns before 3 mo is highly
orientation-specific, with normal infants demonstrating emerging sensitivity only along the cardinal axes
(horizontal and vertical) and not along the obliques. Present results indicated a significant CE by Familiarization
Orientation interaction at both 4- and 7-mo, which can be attributed to a differential novelty response between
Non-CE and CE infants. Non-CE infants, as expected, demonstrated novelty

responses along the cardinal axes, whereas CE infants demonstrated novelty

responses along the oblique axes. As the detail of the local elements within i,

the oblique herringbones are oriented along the cardinal axes, novelty responses / L)

of CE infants may not be based on general global aspects of the pattern. A

These data suggest a continuation of CE infants’ stimulation-seeking

behavior and atypical perceptual organization that may underlie a divergent

developmental trajectory.
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RESPIRATORY FUNCTION IN JUVENILE RHESUS MONKEYS EXPOSED
PRENATALLY TO COCAINE

L. L. Howell; K. F. Schama; L. D. Byrd; A. J. Kitchens; and A. M. Landrum

Yerkes Regional Primate Research Center, Emory University, Atlanta, GA

Clinical epidemiological and case studies have reported that prenatal exposure to cocaine may result in altered
respiratory function and increased risk of Sudden Infant Death Syndrome (SIDS). This study characterized respi-
ratory function in juvenile rhesus monkeys, ages 3-4 years, after prenatal exposure to cocaine (0.3 mg/kg/hr)
from day 24 post-conception throughout gestation. Ventilation was measured continuously in conscious
monkeys with a head plethysmograph during exposure to air (normocapnia), 3%, 4% and 5% CO, balanced in
air (hypercapnia), 10% O, balanced in N, (hypoxia) and 100% O, (hyperoxia). Cocaine (0.03-3.0 mg/kg) was
administered acutely to assess potential changes in sensitivity to its physiological effects resulting from prenatal
exposure. Caffeine (1.0-30.0 mg/kg), an efficacious respiratory stimulant, also was administered acutely to
assess further the neural control of respiration. Cocaine-exposed (N=4) and pair-fed controls (N=4) exhibited
typical respiratory function characteristic of normal adult rhesus monkeys, and there was no significant difference
among treatment groups in sensitivity to the respiratory-stimulant effects of cocaine or caffeine. The results
demonstrate normal respiratory function in juvenile rhesus monkeys exposed prenatally to cocaine.
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ASSESSMENT OF NURSES’ ATTITUDES TOWARD PREGNANT SUBSTANCE
ABUSING WOMEN FOLLOWING INSERVICES

S. Graham; K. Larrabee; R. Andres; R. Elk; J. Grabowski; and H. Rhoades

Dept. of Psychiatry and Behavioral Sciences, and Dept. of Obstetrics, Gynecology and
Reproductive Services, The University of Texas-Houston Health Science Center, Houston,
TX

Background: The attitudes of labor and delivery (L & D) RNs caring for substance-abusing pregnant women
may affect care due to biases, which in turn influence compliance and other factors associated with OB care.
Introduction of a mandatory staffing inservice may influence attitudes and opinions of RNs providing care to this
population. Purpose: To describe the attitudes of RNs in a metropolitan, tertiary care hospital L & D unit
providing prenatal care to substance-abusing women before and after inservice. Methods: 30 surveys were
distributed to a random sample of RNs in an L & D unit 1 month prior to, immediately following, and two
weeks after an inservice to increase awareness of prenatal care strategies for substance abusing women.
Results: (N=22) (a) Experience: Over 50% reported caring for women using marijuana, cocaine and methadone.
Less than 20% reported caring for women using cigarettes and alcohol. (b) Teratogenic Effects on Fetus: Heroin,
cocaine and benzodiazepines were reported as most harmful, whereas cigarettes and alcohol were reported to be
least harmful. (c) Delivery Interventions: Referral to OB social worker was most frequent intervention of choice
for substance abusing pregnant women. (d) Urine Drug Screens: The majority reported ordering UAs on all
women presenting to L & D with complications. (e) Drug-positive UAs: Prior to and immediately following
the training, 30 to 45% of nurses reported that a positive UA was the best reason to call Child Protective
Services (CPS) or the OB social worker. Two weeks later, no RNs reported this (p=0.012). Prior to training,
90% of RN reported that all positive UAs should be reported to CPS. Immediately after, there was a significant
decrease in nurses who felt this (p=0.013), but a return to baseline two weeks later. Conclusions: (1) Lack of
knowledge of the harmful effects of cigarettes and alcohol on the fetus is a concern. (2) Training had some
impact in the areas of the significance of positive UAs, however, some changes were short-lived.
Acknowledgement: Supported by a grant from the NIDA (DA-08438)

INTERVENTION WITH CHEMICALLY-DEPENDENT PREGNANT WOMEN:
PSYCHOSOCIAL, PARENTING, & INFANT OUTCOME

H. C OIsonI; H. Wattsl; M. Krohnz; K Kendalll; J. Farrowl; E. Hannal; and K. Stark’
1University of Washington, Seattle, WA, ? University of Pittsburgh, Pittsburgh, PA, 3
Division of Alcohol & Substance Abuse, Olympia, WA

A multicultural sample of 208 polydrug-using pregnant women were assessed upon randomized entrance into
one of three groups: short-term residential or intensive outpatient comprehensive services (both hypothesized to
yield positive mother and infant outcomes), or standard community treatment. At baseline, study participants
were seriously chemically-dependent and showed high levels of psychological distress. Pre-post comparisons of
follow-up participants showed most women had improved significantly over the first year from baseline,
regardless of treatment modality. For example, self-reported depression and stressful life events had decreased
(e.g., Beck Depression Inventory baseline M=19.76; follow-up M=11.21). On average, parenting behaviors
were adequate for birth mothers retaining child custody at follow-up (e.g., HOME Total M=34.79). At 4 to 5
months of age, infants followed were within normal limits on standard developmental measures (e.g., Bayley
MDI M=107.29), regardless of treatment modality. However, there were indications of risk: 44% of these
infants scored above a clinical cutoff for neuromotor risk on the MAI-ST, and at follow-up 24% of women
scored below the 10th percentile on the NCAST Teaching Scale. Analyses are ongoing to identify predictors of
poor outcome, such as developmental decline in a subset of infants followed through age one year. As in many
studies of this population, there was considerable sample attrition due to caregiver noncompliance. Findings
suggest cautious optimism about intervention, and underscore the need to retain chemically-dependent pregnant
women in treatment.

ACKNOWLEDGEMENTS: Supported by PHS NIDA 06361-01 and Washington state DASA contract #2143-
86361.



CHILDREN AT RISK: PRELIMINARY FINDINGS
P. H. Kleinman[l]; D. Tapper[1]; A. Harrell[2]; and M. Nakashian[1]

[1] Center on Addiction and Substance Abuse at Columbia University (CASA), [2] Urban
Institute.

This paper reports on preliminary findings of a five-site, three year national research and demonstration program
that concluded in 1995 and is now being replicated in additional cities. The program brings together local
networks of city agencies, non-profit service providers, schools, police departments, and juvenile justice
agencies to serve high risk 11-13 year olds and their families living in impoverished urban neighborhoods. It
is designed to prevent delinquency and drug use among youth and to reduce drug related crime in the
neighborhoods where they live. Preliminary findings are based on official records of the first 228 youth
recruited in the program. Analysis of officially recorded police and juvenile court contacts shows the CAR
participants had 41 contacts with the police compared to 69 contacts for the randomly assigned control group.
xamining school performance, 88% of CAR students compared to 72% of control students were promoted in
the 1992-93 school year; in the following year, 82% of CAR youth compared to 70% of the controls were
promoted. All of these findings were statistically significant.

DIAGNOSING DRUG DEPENDENCE IN PREGNANT WOMEN: FAMILY INFLUENCE
ON DRUG SEVERITY

P. Rutiglianol; N. Haugz; E. Johnson3; D. Svikisz; and R. Pickens’

'Medical College of Pennsylvania and Hahnemann University, Philadelphia, PA’The

Johns Hopkins University School of Medicine, Baltimore, MD*National Institute on
Drug Abuse, Intramural Research Program, Baltimore, MD

Diagnosing drug dependence is an important component in the treatment of substance use disorders.
Epidemiological studies have found increased drug use in females of child-bearing age as well as pregnant
women. Family influence of substance use has historically been an important correlate in the treatment of
substance abusers. By identifying and understanding this familiar link, effective and appropriate treatment can
be designed to target the specific needs of such special populations. A sample of 175 pregnant women who
presented for treatment at the Center for Addiction and Pregnancy in Baltimore, MD., were administered the
Family Alcohol and Drug Survey (FADS) and the Structured Clinical Interview for DSM III-R (SCID). The
purpose of this study was to examine the relationship between: 1) family history of drug/alcohol abuse and
patient drug abuse severity; 2) patient age of onset of substance use and patient drug abuse severity; and 3)
family history of drug/alcohol abuse and patient age of onset of substance use. Drug abuse severity was
calculated from the SCID using the total number (range 3-27) of Alcohol, Opioid, and Cocaine dependence
criteria with a threshold diagnosis score. Results indicated that patients with a positive family history of heavy
problematic alcohol abuse evidenced greater drug severity scores than patients with a negative family history of
alcohol abuse. In contrast, there was no significant difference in drug severity scores between subjects with a
positive history of drug abuse and those with a negative family history of abuse. This result was consistent for
both maternal and paternal substance abuse. Also, while an ealier age of onset suggested increased drug
severity scores on the SCID, these significant results did not appear to be the result of parental substance use,
suggesting that these two effects are independent. While a family history of alcohol abuse and earlier age of
onset of substance use appear to influence drug severity, further study into this area is warranted.
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SPONTANEOUS MOTILITY: A BIOLOGIC MARKER OF SUBSTANCE RISK IN
ADOLESCENTS?

T. J. Crowley; M. J. Macdonald; S. K. Mikulich; and S. K. Hall
Addiction Research & Treatment Service, U Colo Sch of Medicine, Denver, CO

Conduct disorder (CD) often co-occurs with substance use disorder (SUD). CD may be worsened by comorbid
attention-deficit hyperactivity disorder (ADHD). Does ADHD also worsen the SUD of youths with CD?
HYPOTHESES: Among youths with CD, those with greater spontaneous motility will have (A) more substance
involvement, (B) more severe ADHD, and (C) more severe CD. METHODS: In a treatment program we assessed
spontaneous motility of 62 males (ages 13-18) with carefully assessed CD and SUD. They had been abstinent at
least 5-28 days. Actometers recorded body movements continuously for 20-48 hrs. A teacher rated classroom
activity (Conners scale; n = 57). RESULTS: (A) Motility correlated significantly with number of drugs used
regularly (partial r = .38; p = .0005), but not with certain other measures of substance dependence. In a multiple
regression (adjusting for actometer differences) motility (p = .0001), CD symptom count (p < .06), and CD
onset age (p < .08) predicted number of drugs used regularly (multiple R = .54; p = .0004). (B) Motility
correlated significantly with Conners ratings (partial r = .39; p < .003) but not significantly with ADHD
symptoms. (C) Motility did not correlate significantly with lifetime number of CD symptoms.
CONCLUSION: Among abstinent adolescents with CD and SUD motility levels assess aspects of ADHD and
are strongly associated with number of drugs used.

ACKNOWLEDGEMENTS:
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ACADEMIC FUNCTIONING IN CONDUCT-DISORDERED ADOLESCENT SUBSTANCE
ABUSERS

L. L. Thompson; S. K. Mikulich; J. Hardy; K. Farris; and T J. Crowley
ARTS, University of Colorado School of Medicine, Denver, CO

We assessed the academic skills of 207 delinquent adolescent males, ages 13-19, in treatment for conduct
disorder/substance problems and hypothesized that academic delay would be related negatively to intelligence (IQ)
and positively to substance dependence symptoms (SDS) and psychiatric symptoms (PSY). Scores on the age-
appropriate Wechsler intelligence scale and the Woodcock-Johnson Tests of Achievement-Revised were used. We
computed academic delay scores by subtracting the obtained grade score from the last grade completed for four
domains (Broad Knowledge, Reading, Math, Written Knowledge) and then calculated the mean (AvDelay).

AvDelay was 0.94 (almost one year) and mean Wechsler Full Scale 1Q (FSIQ) was 96. Strong correlations
occurred between AvDelay and FSIQ (r = -.57, p<.01). Total SDS also correlated negatively with AvDelay (r =
21, p<.01) and with FSIQ (r=.24, p<.01). No significant correlations were found between PSY and AvDelay.

As predicted, Academic delay and IQ were negatively related. Contrary to expectations, AvDelay and SDS were
also negatively related, so that less academic delay was associated with more substance dependence symptoms.

Possible explanations will be presented.
ACKNOWLEDGEMENTS:
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PREVALENCE OF SUBSTANCE USE DISORDERS AND PSYCHIATRIC COMORBIDITY
AMONG GEORGIA JUVENILE OFFENDERS

F. A. Marsteller; 1. Smith*; D. Brogan; P. Ash; W. llott; D. Rolka; D. Daniels; and A.
Falek

Emory University School of Medicine, Atlanta, GA and *Georgia Department of Children
and Youth Services, Atlanta, GA

This study was conducted to estimate the prevalence of DSM-III-R substance use diagnoses and psychiatric
comorbidity among the juvenile offender population entering the 20 Regional Youth Detention Centers operated
by the Georgia Department of Children and Youth Services. A stratified random sample was selected, using
facility and gender as stratification variables, with oversampling of females. The sample consisted of 178 white
males, 287 African American (AA) males, 93 white females and 121 AA females plus 16 males and 6 males of
other ethnic groups, for a total sample size of 701. Interviews consisted of the SCL-90-R, the Childhood Trauma
Questionnaire (CTQ) and the DISC-C v2.3 and were administered within 72 hours of admission. Weighted
estimates reflecting the sample design were obtain using PC-SUDAAN. The prevalence of substance use
disorders was 30.1 + 4.3%, ranging from 42.9 £ 9.1% in white males to 11.7 £ 6.3% in AA females. The
prevalence of marijuana dependence was highest in all groups at 22.4 + 4.1% overall, followed by alcohol
dependence at 14.4 £+ 3.5% and other drug dependence at 7.2 + 2.4%. Dependence on drugs other than alcohol and
marijuana was much more prevalent among white subjects. Comorbidity, the prevalence of other psychiatric
disorders in subjects with substance use disorders, was very high: 37+ 8% for anxiety disorders, 29 + 8% for
affective disorders and 62 + 8% for disruptive behavior disorders. Scores on the CTQ, which is a self-report of
child abuse, were not associated with SU disorders. No measure so far examined in the study is statistically
associated with the ethnic differences in the prevalence of SU disorders. ACKNOWLEGEMENT: Supported by
CSAT 270-94-0010 and the GA Policy Design Academy.

SUBSTANCE ABUSE AND PSYCHIATRIC EFFECTS ON PLATELET AGONIST-
INDUCED DENSE GRANDULE SECRETION IN ADOLESCENTS

H. B. Moss and J. K. Yao

Center for Education and Drug Abuse Research, University of Pittsburgh School of
Medicine

We previously reported a reduction in agonist-induced platelet dense granule ATP secretion in abstinent adolescent
male substance abusers with conduct disorder. The pattern of diminished agonist responses suggested that an
alteration in signal transduction mechanisms rather than surface receptors properties could account for the
observation. In order to examine the specificity of both drug use effects and the manifestations of psychiatric
disorders on platelet dense granule responses, we significantly expanded the adolescent sample to include those
with and without conduct disorder and other psychopathology. Specifically, the effects of conduct disorder,
attention deficit hyperactivity disorder, cigarette smoking, an alcohol use disorder, a cannabis use disorder and a
cocaine use disorder on platelet dense granule secretion were examined. Method: One hundred and ninety-three
abstinent adolescents were recruited (145 with Conduct Disorder and Substance Abuse). Fasting platelet-rich
plasma was obtained from subjects at 9 AM after an overnight stay at our laboratory. Platelet secretory
responses to collagen, thrombin, arachidonic acid, adenosine diphosphate (ADP), ADP + 0.2 ugm 5-HT, and
ADP + 1.0 ugm 5-HT were evaluated within 5 hrs. of sampling using an impedance aggregometer. Results:
All possible subsets regression revealed a significant effect for the presence of an Alcohol Use Disorder on
agonist-induced platelet dense granule secretion across several agonists. Specifically, adolescents with an Alcohol
Use Disorder (AUD) showed significantly reduced ATP secretory responses to collagen, thrombin, ADP, ADP +
0.2 ugm 5-HT, and ADP + 1.0 ugm 5- HT, but not arachadonic acid. Discussion: The results suggest that
there may be impairments in platelet signal transduction adolescent boys with an AUD. The platelet signal
transduction alterations produced by AUD could also be occurring in parallel at the level of the central nervous
system, the endocrine system, and the immune system. Such effects could produce dysregulation of the integrity
of each of these systems critical to biological and cognitive maturation.
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A STUDY OF THE PREVALENCE OF SUBSTANCE ABUSE AND A VIOLENT
BEHAVIOR AMONG AFRICAN AMERICAN YOUTH

J. M. Beal*; M. Dean*; J. Henningfield; D. Geyen; and E. Singleton

Prairie View A&M University*, Addiction Research Center, NIDA, Sam Houston State
University.

Within the lower socio-economic strata of the African American community, there are a number of substance
cases and violent behavior acts committed by children and adolescent populations. One of the leading causes of
this concern may be associated with counter productive methods of dealing effectively with what is perceived as
anxiety producing stress factors stemming from the environment. Many have debated that stressful social
conditions are the major cause of mental disorders in African Americans and thus psychopathology can be
prevented. A pilot study was conducted using a sample size of 300 African American youth. Instruments used
included a questionnaire developed by the researchers, a self-esteem inventory, a stress index, and depression
scale. Results indicated a high correlation between SES, substance abuse and violent behavior. It was
concluded that harbored deep within the psychic of this group are feelings of helplessness regarding the harsh
reality of racism, oppression, domestic violence, street violence, and the epidemiological influences of AIDS
which make for an increase of addictive and malicious behavior.

IMPROVING RESIDENTIAL SUBSTANCE ABUSE TREATMENT FOR INNER-CITY
TEENS: NEW HAVEN ACTS

P. B. Rockholz; T. J. McMahon; and S. S. Luthar

The APT Foundation, Inc. and Yale School of Medicine, Department of Psychiatry,
New Haven, CT

When compared with other teens needing treatment for substance abuse, inner-city youth typically enter
treatment systems later in the abuse-addiction cycle and largely through contact with the criminal justice
system. To better meet the needs of inner-city teens, a consortium of agencies developed a comprehensive,
culturally sensitive treatment network organized around a neighborhood-based system of case management.
One of the primary goals of the initiative was to improve access to services and retention rates for inner-city
teens in need of long-term residential treatment. Quantitative evaluation of the initiative demonstrated that
systems of care with a single point of entry can be used to clarify the residential treatment needs of specific
populations, and evaluation of admission rates using a quasi-experimental research design suggested that the
case management component had a significant impact on access to treatment. The results also suggested
that staffing enhancements designed to increase cultural competence within the residential component
contributed to improvement in retention rates for all clients such that, although improved, retention rates for
minority clients remained poorer than those for Caucasian clients. The project illustrates how systems of
case management can be used to better characterize the treatment needs of an underserved population and
increase access to services. The findings also highlight need for further conceptualization and evaluation of
interventions designed to address the special needs of ethnic minority youth with serious substance abuse
problems.
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CIMETIDINE MAY DECREASE OPIATE WITHDRAWAL SYMPTOMS IN METHADONE
PATIENTS

C. Charuvastml; D.M. Gudeman1’3; J. Wilkinsz; and W. Ling1’2’3

"Los Angeles Addiction Treatment Research Center; West Los Angeles VAMC;
3UCLA/Neuropsychiatric Institute

Cimetidine, a potent inhibitor of the P450 Cytochrome enzyme system, affects the clinical response of many
co-administered medications. To test if administration of cimetidine increases methadone blood levels (or the
effective clinical half life) and thus reduces opiate withdrawal symptoms, we estimated the severity of opiate
withdrawal symptoms, and obtained blood levels and urine toxicologies for heroin in ten methadone maintained
patients, before and during cimetidine treatment for dyspepsia. Nine of ten patients were satisfied with the
intervention and said they felt better. Of six patients who rated their opiate withdrawal symptoms on a clinical
scale, five reported a reduction of symptoms from a pretreatment average of 6.0 (of a possible 48) to 2.8 after
initiation of cimetidine. Methadone blood level was increased by more than 5 ng/ml in six patients, remained
the same in two patients, and was reduced in two patients. The overall average methadone level showed a
modest increase from 252 ng/ml to 260 ng/ml. For the five weeks prior to treatment, the group gave 40%
(18/45) heroin free urines. For the five weeks following initiation of treatment, 53% (24/45) were clean. These
observations suggest that co-administration of cimetidine decreases opiate withdrawal symptoms in some
methadone maintained patients.

ACKNOWLEDGEMENTS:
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METHADONE INCREASES ZIDOVUDINE EXPOSURE IN HIV-INFECTED INJECTION
DRUG USERS

P. Jatlow; E. F. McCance; P. M. Rainey; T. Kosten; and G. Friedland
Yale University School of Medicine, New Haven, CT

Large numbers of injection drug users are HIV-infected and receive both methadone and antiretroviral therapy. To
ascertain whether methadone alters zidovudine (AZT) disposition, oral and intravenous AZT pharmacokinetics are
being determined in 10 HIV-positive subjects, before and two weeks after initiation of methadone maintenance.
Interim analysis (n = 5) revealed that methadone therapy produced an average increase of 52% in the area under the
AZT time-concentration curve (AUC) after oral AZT administration (p = 0.003, paired t-test). This appeared to
result from trends toward an increase in bioavailability (18%; p = 0.09) and a decrease in clearance (22%; p =
0.12). The intravenous AZT AUC increased an average of 30% (p = 0.10), reflecting the decreased clearance.
Measurement of urinary AZT and its glucuronide (AZT-G) after oral administration revealed a 42% average
increase in excretion of unchanged AZT (p = 0.12) with no substantive change in renal AZT clearance or in total
urinary recovery of AZT + AZT-G. These findings suggest that methadone reduces AZT glucuronidation, both
during first-pass metabolism, thereby increasing bioavailability, and afterwards, decreasing clearance. Both effects
increase AZT exposure. The clinical consequences of this interaction require further study. The combination of
methadone with AZT may result in increased AZT toxicity and contribute to decreased compliance.
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DIFFERENTIAL EFFECTS OF NALMEFENE AND NALOXONE ON HYPOTHALAMIC
PITUITARY ADRENAL (HPA) AXIS FUNCTION IN NORMAL CONTROLS

J. H. Schluger; M. Porter; N. Maniar; M. Gunduz; A. Ho; and M. J. Kreek

The Laboratory of the Biology of the Addictive Disease The Rockefeller University, 1230
York Avenue, New York, NY

Opioid antagonists have been proven to be useful as specific probes in elucidating the relationship between the
endogenous opioid system and the HPA axis, in performing studies in vitro, in animal models, and in humans.
The antagonists which may be used in man are limited in number and are primarily mu opioid selective.
However, preliminary studies from our laboratory (Kreek et al., INRC, 1987) suggested that nalmefene (NLM),
an opioid antagonist with evidence of substantial kappa as well as mu receptor activity, might have different
effects on the human HPA axis than naloxone (NLX), a primarily mu receptor selective antagonist with some
kappa activity. With renewed access to NLM, we have now conducted a controlled inpatient study in the NIH-
supported GCRC of the Rockefeller University Hospital to compare the HPA effects of 10 and 30 mg. of NLX
with those of 30 mg. of NLM (similar molar amount, greater potency in opioid overdose reversal, longer half
life), each administered intravenously. Thirteen healthy volunteers with no significant general medical,
psychiatric, or substance abuse problems served as their own controls, each receiving a placebo, and at least one
antagonist, on separate days. Modest, similar, increases in ACTH and cortisol (F) were seen after either dose of
NLX, suggesting that each of these doses yielded close to maximal HPA activation, or a ceiling effect. However,
a greater and subsequently more prolonged incrcasc in ACTH and F was observed after 30 mg. of NLM than after
either dose of NLX. The results suggest that kappa receptors may have an important role in the regulation of the
HPA axis, and that nalmefene may be a useful probe for the study of human neuroendocrine physiology in
general, and for the study of the addictive diseases in particular. ACKNOWLEDGMENTS: Supported in part by
grants : DA-P50-05130, DA00049, and M0O1-RR001

THE EFFECT OF FLUCONAZOLE ON THE CLINICAL PHARMACOKINETICS OF
METHADONE

M. N. Cobb; J. Desai; L. S. Brown, Jr.; P, Zannikos; C. Trapnell; and P. M. Rainey

Addiction Research & Treatment Corp., Brooklyn, NY; U. S. Food & Drug
Administration, Rockville, MD; Yale University School of Medicine, New Haven, CT

The possibility of a drug--drug interaction between fluconazole (FLU) and methadone was evaluated in 25

methadone-maintained patients. The study was a randomized, double-blinded, placebo-controlled, pharmacokinetic
and safety study in which patients received either oral FLU 200 mg/day (n=13) or placebo (n=12) for 14 days with

their individual daily methadone dosage. Serum and urine specimens were collected at intervals over a 24-hour
period at baseline and after 14 days. There was a 30% increase in serum methadone concentration (AUC)

observed in patients receiving FLU (p=0.0008). Consistent with the AUC increase, the oral clearance (Clo) of
methadone was significantly reduced by 26% in the FLU group (p=0.0007). The minimal concentration (Cmin),
maximal concentration (Cmax), and steady-state concentration (Css) of methadone were all increased by 41%
(p=0.0076), 23% (p=0.0023) and 30% (p=0.0008), respectively, in patients receiving FLU. There was no
significant difference in methadone renal clearance (Clr) or urine pH after 14 days of FLU therapy. At baseline,
mid-study and after 14 days, patients were assessed for signs and symptoms of narcotic withdrawal and overdose.

Concomitant administration of FLU and methadone did not precipitate signs or symptoms of narcotic overdose

based on the symptomatologic data. On a scale of none (0), mild (+1), moderate (+2) and severe (+3), the few
symptoms reported were mild and are not pathognomonic of narcotic withdrawal or overdose. No modifications
of methadone dosage were warranted during the study.  Although significant changes in methadone
pharmacokinetics were observed after concurrent administration of FLU, the combination did not appear to

produce any changes of clinical significance in methadone-maintained patients.
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DISULFIRAM TREATMENT OF COCAINE ABUSE; FINDINGS FROM A DOSE-RESPONSE
STUDY

E. F. McCance; T. R. Kosten; F. Hameedi; and P. Jatlow
Departments of Psychiatry and Laboratory Medicine, Yale University, New Haven, CT

Disulfiram (DS), a pharmacotherapy for alcohol abuse which inhibits various enzymes by irreversible binding
of sulfhydryl groups and chelation of trace metals, has shown some evidence of efficacy for cocaine
dependence in outpatient studies. This dose response study was designed to elucidate the effects of DS on
acute cocaine (C) ingestion. Five cocaine-dependent subjects were randomized to DS placebo, 250 mg or 500
mg and pretreated for three days prior to cocaine study sessions (random assignment to intranasal C placebo, 1
or 2 mg/kg). Pharmacokinetic, physiological and behavioral measures were obtained over 480 min. Cocaine (2
mg/kg) AUC was increased four-fold (C: 50828 ng.ml/min vs C/DS 250 mg: 198390 and C/DS 500 mg:
204668) and oral clearance was reduced five-fold (C: .037 L/kg/min vs C/DS 250 mg: .0074 L/kg/min and
C/DS 500 mg: .0075L/kg/min). Heart rate increases were prolonged following both DS treatments (C 2 mg/kg:
mean increase +13 bpm (peak: 88 bpm); return to baseline by 180 mm.; CIDS: mean increase +16 bpm (peak
91 bpm); remained +9 bpm above baseline at 480 min. “High” was prolonged following C/DS administration.
“Bad Effects” were increased following C/DS administration and included nausea/dyspepsia, “palpitations”
and chest tightness without ECG changes, depression/tearfulness, anxiety, and restlessness. While there is
some potential for cocaine toxicity in patients treated with disulfiram, it may be an effective treatment for
selected patients. This study also underscores the importance of determination of plasma cocaine
concentrations to evaluate for potential drug interactions in novel drug combinations.

ACKNOWLEDGMENTS
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FORMATION AND ELIMINATION OF COCAETHYLENE IN HUMANS
J. Mendelson; P. Jacob III; E. T. Everhart; R. Nath; M. Baggott; S. Welm; and R. T. Jones

Drug Dependence Research Center, Langley Porter Institute, University of California, San Francisco

Ethanol alters the biotransformation pathways of cocaine, resulting in transesterification to a novel metabolite,
cocaethylene (benzoylecgonine ethyl ester). Cocaethylene and possibly other cocaine metabolites are pharma-
cologically active and may mediate toxic reactions to cocaine. To assess the pharmacology of this interaction,
in a balanced, double-blind, placebo-controlled experiment, 10 subjects received, on three separate occasions,
doses of deuterium-labeled cocaine (penta-deuterated on the benzoyl moiety), 0.3, 0.6, and 1.2 mg/kg iv over
15 min, combined with cocaethylene (trideuterated on the ethyl moiety), 7.5 mg iv over 15 min, and oral
ethanol, 1 g/kg po over 30 min. Use of stable isotope methodology allows for determination (both quantitative
and qualitative) of clinically important cocaine metabolic pathways. Plasma and urine levels of ds-cocaine,
d;- and ds-cocaetbylene (CE), and dy— and ds—benzoylecgonine (BE) and urine levels of d;— and d,—ecgonine
ethyl ester (EEE) and dj—ecgonine methyl ester (EME) were determined. Behavioral and cardiovascular
effects of the drug combinations were evaluated. With the experiment 75% completed and the blind still in
place, data available for interpretation indicate expected metabolic conversion of ds—cocaine to ds—CE, d—
EEE, d—EME and ds—BE. d;—CE is metabolized to d;—EEE and d,—BE. EEE (d, and d) levels in urine are
about tenfold greater than corresponding CE levels. EEE may be a better marker of combined cocaine and
ethanol use than cocaethylene alone. Quantitative pharmacokinetics and dynamics, including dose
proportionality, will be presented.

ACKNOWLEDGEMENTS:. Supported by NIDA grant No. P50 DA01696-17.
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INFLUENCE OF INFUSION RATE AND DOSE ON EFFECTS OF 1V COCAINE IN
HUMANS

R. A. Nelson; D. A. Gorelick; R. 1. Herning; R. C. Ziegelstein*; L.A. Kahler; J. L.
Jewell; J. L. Cadet; C. R. Schuster**; K. I. Bolla*; R. M. Keenan; C. Contoreggi; and
J. E. Henningfield

NIH/NIDA-Division of Intramural Research & *Johns Hopkins Bayview Medical Center,
Baltimore, MD & **Wayne State University, Detroit, MI

More rapid delivery rates of cocaine to the blood are believed to increase cocaine’s physiological and behavioral
effects; however, this has not been studied in humans. In a within-subjects, pseudo-Latin square design, human
IV cocaine users received each of 3 cocaine doses (10, 25 or 50 milligrams) at each of 3 infusion durations (10,
30 or 60 seconds, yielding infusion rates of 0.17-5.00 mg/sec) over 10 sessions (1 placebo) on alternate days,
administered in a double-blind, double-dummy manner using a 3-way infusion apparatus. Baseline and Post-
Infusion Time (2, 4, 7, 10, 15, 21, 26, 31, 36, and 41 minutes) measures of Heart Rate (HR), Systolic (SBP),
Diastolic (DBP), and Mean Arterial (MAP) Blood Pressure and subjective effects (Visual Analog Scale, VAS)
were analyzed using a 3-way (Dose(3) x Duration(3) x Time(11)) repeated measures ANOVA. Preliminary
results (N=3) show significant (p<.05) Dose-related increases in HR, SBP, DBP, and MAP. Duration was
inversely associated with increase in DBP; no other main or interaction effects were found. On VAS items,
significant Dose-related increases in self-ratings of ‘“Rush,” “High,” “Crave Cocaine,” “Stimulated,” “Want
Cocaine,” and “Strong,” “Good,” and “Like” drug effect were found. Duration was inversely associated with
magnitude of peak increase in “High” and “Strong” drug effect, and Dose x Duration x Time interactions were
found for “Like” drug effect and “Want Cocaine.” These preliminary data suggest that drug delivery rate’s
influence is more subtle than that of cocaine dose. A broader range of infusion rates may be necessary to show
the expected differences. This study’s double-blind nature may also be dampening experimenter and subject
expectancy effects which have influenced other studies and behavior in the natural environment.

Supported by NIDA intramural research funds.

EFFECTS OF INTRAVENOUS INJECTION SPEED ON RESPONSES TO COCAINE OR
HYDROMORPHONE IN HUMANS

M. E. Abreu; S. L. Walsh; K. R. Bonson; D. Ginn; and G. E. Bigelow

Johns Hopkins University School of Medicine, Baltimore, MD

It is widely believed that the speed of intravenous injection is an important determinant of the magnitude of
effect of abused drugs. This study examined the effect of intravenous injection speed upon indices of abuse
liability and toxicity (i.e., acute subjective and physiological responses) for cocaine and hydromorphone in
volunteers who were experienced intravenous abusers of cocaine and opioids. Intravenous challenge injections
of cocaine (30 mg), hydromorphone (3 mg) and saline were administered at each of three injection speeds (2, 15
and 60 sec) in a mixed order under double-blind procedures. Standardized subjective effect measures were
collected, and heart rate, blood pressure, EKG, skin temperature, pupil diameter and respiration rate were
recorded throughout each session. For hydromorphone, neither subjective nor physiological responses were
appreciably altered by injection speed. For cocaine, faster injection speeds produced elevations in subjective
effects; ratings of “drug effect” and “rush” were significantly elevated following the 2 sec versus the 60 sec
injection of cocaine. Importantly, cardiovascular response was not significantly altered by the speed of cocaine
injection. These results suggest a considerable margin of safety with respect to variations in the speed of
cocaine injection, and suggest a dissociation between the subjective versus cardiovascular effects of cocaine.
Experimentally, variation of injection speed might be a useful means for varying the pharmacodynamic effects
of cocaine while minimizing total drug exposure and potential cardiovascular risk.

ACKNOWLEDGEMENTS:Supported by NIDA grants ROIDAOS5 196, T32DA07209, and KOSDA00050.
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IMMEDIATE CARDIOVASCULAR EFFECTS OF RAPID IV COCAINE IN
EXPERIENCED HUMAN COCAINE USERS

J. L. Jewell; R. A. Nelson; D. A. Gorelick; and R. C. Ziegelstein*

NIH/NIDA Division of Intramural Research, Treatment Branch, Baltimore, MD and *Johns
Hopkins Bayview Medical Center, Baltimore, MD

Some studies in monkeys find that the initial cardiovascular (CV) effect of rapid cocaine administration (IV
bolus, smoked) is transient bradycardia, followed by the tachycardia commonly observed in other studies. This
effect has been attributed to vagal stimulation or direct suppression of the cardiac pacemaker because of catheter
tip placement. Initial bradycardia has not been reported in human studies of IV cocaine administration, but
may have been missed because of the timing and methods used to measure heart rate, or the use of only
experienced cocaine users as subjects. We are evaluating this question in experienced cocaine users
administered IV cocaine double-blind at rates of 0.17-5 mg/sec (total dose 10-50 mg, total infusion duration 10-
60 seconds). Heart rate and blood pressure are recorded beat-to-beat using an infrared photoplethysmograph
device (Finapres, Ohmeda) worn on the middle finger, and averaged over six seconds to smooth out “noise”,
Preliminary findings from the first two subjects (26, 30 year old men, nine years of cocaine use) (nine cocaine,
one placebo infusion each) show tachycardia beginning within the first minute, with no initial bradycanlia.
Findings from this study should elucidate whether experienced human cocaine users show an initial bradycardia
with rapid IV cocaine administration.

TOLERANCE TO THE CARDIOVASCULAR AND SUBJECTIVE EFFECTS OF
COCAINE DURING BINGE SELF-ADMINISTRATION

A. S. Ward; R. W. Foltin; and M. W. Fischman
Columbia University and NYS Psychiatric Institute, New York, NY

While acute tolerance to the cardiovascular and subjective effects of repeated cocaine doses has been observed
within single laboratory sessions, little is known about tolerance to cocaine over longer time spans. Eleven
experienced cocaine users, including live maintained on methadone, completed a protocol investigating changes
in cardiovascular activity and behavior during multiple self-administration sessions. During sessions, which
modeled binge behavior, subjects could self-administer up to six doses of i.v. cocaine (32 mg/70 kg) or
placebo. Both 2- and 3-binge cycle conditions were tested. During the 2-cycle condition, a cocaine self-
administration session occurred in the afternoon and again two hours later in the evening on two consecutive
days, while during the 3-cycle condition, sessions occurred on three consecutive days. Plasma cocaine levels,
cardiovascular measures and self-reported effects were obtained during each session. Plasma cocaine levels
increased with each dose of cocaine. Tolerance to cardiovascular and subjective effects was found to develop
within sessions; heart rate and blood pressure increased following the first cocaine dose in each session but did
not increase following repeated doses within that session. Ratings of “high,” “stimulated,” and opiate
symptom scores followed the same pattern. “I want cocaine” scores, however, decreased slightly within self-
administration sessions. The cardiovascular and subjective effects of cocaine were similar between sessions on
the same day and between days. Thus, tolerance to cocaine may be limited to acute tolerance during repeated
dosing, with little tolerance observed between binges or consecutive days.
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LESS-THAN-DAILY BUPRENORPHINE DOSING

G. E. Bigelow; T. Eissenberg; M. L. Stitzer; S. L. Walsh; 1. A. Liebson; E. C. Strain;
and R. E. Johnson

Behavioral Pharmacology Research Unit, Johns Hopkins University School of Medicine,
Baltimore, MD

Buprenorphine’s clinical utility as an opioid dependence pharmacotherapy would be improved if it could be
administered on a less-than-daily basis. Purpose: To assess the ability of buprenorphine-maintained patients
(8 mg/day s.1.) to tolerate 72 hrs of dose omission after receiving buprenorphine doses of 8 and 16 mg.
Methods: Outpatients (n = 8) maintained on 8§ mg buprenorphine and free of illicit drug use completed 4
experimental conditions ordered by Latin-square and given double-blind at weekly intervals, Two test
conditions of 8 and 16 mg s.1. buprenorphine were followed by 2 days of placebo. Two control conditions
were included: 1) buprenorphine maintenance (8 mg/day) provided a baseline for comparison of withdrawal
effect measures on placebo days, 2) a naloxone challenge (10 mg/70 kg) 23.5 hr after an 8§ mg maintenance
dose of buprenorphine demonstrated sensitivity of withdrawal effect measures. Pupil diameter and subjective
measures of opioid withdrawal were collected at pre-test and at 0.5, 1, 2, 3, 25, 49, and 71.5 hr after test dose
administration. Results: Reliable subjective withdrawal was reported only after naloxone challenge.
Conclusion: The lack of subjective withdrawal during 71.5 hrs of dose omission suggests that less-than-
daily dosing may be clinically feasible at buprenorphine maintenance doses of 8 mg/day or more.
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THE LIMITS OF MULTIPLE-DAY DOSING WITH BUPRENORPHINE; QUINTUPLE
DOSES

W. K. Bickel; N. M. Petry; and E. Tzanis
University of Vermont, Burlington, Vermont

This study compares 24-, 72-, and 120 hour buprenorphine (BUP) dosing schedules in opioiddependent
outpatients. To date, 12 subjects receiving BUP (sublingual maintenance (M) doses = 4 mg/70 (n =6) and 8
mg/kg (n=6) have completed a double-blind, placebo--controlled, cross-over trial. Prior to condition initiation,
subjects were exposed to five times their M dose (20 or 40 mg/70 kg) under laboratory observation, and
measures of opioid agonist effects were assessed using the Analog Rating Scale and observer ratings of opioid
agonist effects. Observer and subjective ratings of agonist effects were minimal. Following baseline M
dosing, subjects received, in a random order, each of three treatments for five repetitions of each treatment: M
dosing every 24 hours, T dosing (triple M dose every 72 hours), and QN dosing (quintuple M dose every 120
hours). In the latter two conditions, subjects received placebo on the interposed days. Subjects were also
exposed once to an M dose followed by four days of placebo and once to a T dose followed by four days of
placebo. Study participation was contingent upon opioid abstinence and daily attendance. No observer-rated
withdrawal was noted during the QN dosing regime, but observer-rated withdrawal was evident 96 and 120 post
M and T. Subjective ratings of withdrawal increased linearly across days since last active dose in all
conditions, including the QN conditions. In a second, ongoing study, subjects (n=5) are exposed to M, T, and
QN dosing regimes in an open manner and then choose between the dosing schedules. While two subjects have
chosen QN dosing over M dosing, no subjects have preferred QN over T dosing. Thus, preliminary results of
this study suggest that quintuple buprenorphine doses may not abate subjective withdrawal complaints for five
days in opioid-dependent outpatients and this is not a preferred dosing schedule.



FIRST CLINICAL EXPERIENCE WITH BUPRENORPHINE-NALOXONE COMBINATION
SUBLINGUAL TABLET

W. Lin 1’2; A. Huberl; S. Shoptawl; V. C. Charuvastral; P. Bridge3; N. Chiang3; S.
Herbert; S. Dowl; and P. Comptonl

"Los Angeles Addiction Treatment Research Center; *West Los Angeles VAMC; NIDA

A non-abusable form of buprenorphine, able to be prescribed outside the methadone clinic setting, may be
uniquely advantageous compared to methadone and LAAM. NIDA and Reckitt and Colman have jointly
undertaken to develop a buprenorphine-naloxone combination tablet with low abuse potential. As part of the
planning for a multicenter trial, this 6-week pilot provided the first clinical assessment of the safety and
feasibility of two induction schedules and a preliminary estimate of the optimal dose. Twenty-five (25) subjects
were inducted on either a 4 mg (n=16) or an 8 mg (n=9) dose, which was increased daily (from 4 to 8 to 16 mg)
until the maintenance dose of 4 mg (n=5), 8 mg (n=11), or 16 mg (n=9) was attained. Subjects tolerated the
combination tablet well, although there were more early dropouts among subjects inducted at 8 than at 4 mg
(33.3% vs 18.5%). The higher maintenance dose group provided more drug-free urine samples throughout the
trial (TESyye=0.2, TESg,,=3.0. TES;6,5.2). These results suggest that inducting patients at a low dow and
then increasing the dose may optimally reduce illicit opiate use.
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QUADRUPLE BUPRENORPHINE DOSES MAINTAIN OPIOID-DEPENDENT
OUTPATIENTS 96 HOURS WITH MINIMAL WITHDRAWAL

N. M. Petry; W. K. Bickel; and E. L. Tzanis
Substance Abuse Treatment Center, University of Vermont, Burlington, VT

Three studies compared 24-, 48-, 72-, and 96-hour buprenorphine (BLIP) dosing schedules in opioid-dependent
outpatients. 14 subjects receiving BLIP (sublingual maintenance (M) doses: n=5, 4 mg/70 kg; n=9, 8 mg/kg)
have completed a double-blind, placebo-controlled, cross-over trial. Following baseline M dosing, subjects
received, in a random order, each of four treatments for five repetitions of each treatment: M dosing every 24
hours, D dosing (double M dose every 48 hours), T dosing (triple M dose every 72 hours), and Q dosing
(quadruple M dose every 96 hours). In the latter three conditions, subjects received placebo on the interposed
day(s). Study participation was contingent upon opioid abstinence and daily attendance. Measures of opioid
agonist and withdrawal effects were assessed daily. No observer-rated withdrawal was noted in any of the
conditions. Agonist effects did not occur, and subjects could not differentiate D, T, and Q doses. Subjective
withdrawal effects increased linearly across days since last active dose, but magnitude of withdrawal was
minimal. In a second study, fifteen subjects received these same treatments in open conditions. Subjective, but
not objective, reports of withdrawal increased in the Q condition. Subjects who completed the open dosing study
were invited to participate in a subsequent study in which they choose amongst the four dosing schedules. 85%
of the subjects chose the Q over the M schedule, and 46% chose the Q schedule over all dosing schedules: M, D,
and T. These results suggest that BUP can be administered safely and effectively on a twice per week basis (i.e.,
a Q on Mondays and T on Fridays). This dosing regime allows time off from the clinic without the risk of
diversion of take-home medication.

142



ABSTINENCE AND OCCURRENCE OF WITHDRAWAL SYMPTOMS IN METHADONE
FAILURE PATIENTS CONVERTED TO LAAM

U. Malkerneker; B. Poddig; M. Salinardi; *G. Pingitore; and J. Valdivia

Edward Hines, Jr. VA Hospital, Hines, IL and *Chicago Medical School, North Chicago,
IL

For many opioid dependent patients, the use of methadone fails to produce consistent abstinence. This study
was designed to test whether the use of Levo-Alpha-Acetylmethadol (LAAM) can be an effective treatment
alternative to methadone. If LAAM is an efficacious treatment alternative, opioid use should decrease relative to
treatment with methadone. Based on the pharmacokinetic differences between methadone and LAAM,
withdrawal symptoms (WS) are likely to be the same or greater when patients are converted to LAAM. To
explore these hypotheses, twenty-four heroin dependent Veterans receiving outpatient services at the Hines VA
Hospital were assessed while on methadone and then again while on LAAM. Patients were designated as
methadone failures secondary to their continued illicit opioid use despite treatment. Opioid use during the last
month of methadone was compared to use during the first month of treatment with LAAM.  Self-report
measures of opioid withdrawal were taken during the last week of treatment of methadone and four times while
on LAAM (2, 4, 8 and 28 days of treatment). Results showed that opioid use decreased significantly while on
LAAM (t=3.20; p<0.004). The average opioid use while on LAAM was two times less than use while on
methadone (M=10.56 days vs. 18.67 days). Self-reports of opioid WS also showed a significant decrease across
time (F=4.96, p <.01). Planned comparisons examined WS reported while on methadone to those reported
while on LAAM. These comparisons showed that by the end of 28 days treatment with LAAM, WS were
significantly less than those while on methadone (M=69.33 vs 88.50, by modified OWS). Levo-Alpha-
Acetylmethadol appears to be an effective treatment alternative for methadone failure patients.

CRA FOR THE TREATMENT OF COMBINED OPIOID AND COCAINE DEPENDENCE
R. S. Schottenfeldl’z; T. Kostenl; B. Meandzijal’z; and J. R Pakes'
'Yale University School of Medicine Department of Psychiatry; ’The APT Foundation

To evaluate the Community Reinforcement Approach (CRA) for the treatment of combined opioid and cocaine
dependence, we 1) compared outcomes for subjects maintained on daily buprenorphine (12-16 mg SL) or
methadone (65-90 mg PO) treated with CRA in a current trial (n=57) or with relapse prevention drug counseling
(DC) in a prior trial (n=83), and 2) compared levels of engagement in CRA activities for CRA-treated patients
who did and did not achieve periods of sustained abstinence from illicit opioids, cocaine, or both. There were no
significant baseline differences between the DC and CRA groups in sociodemographic or clinical features.
While rates of opioid- and cocaine-positive urine samples declined during treatment for both conditions, there
were no significant differences between CRA and DC in treatment retention or rates of opioid- or cocaine-
positive urine samples. For CRA-treated subjects, abstinence was significantly correlated with both the number
of recreational, vocational, and social activities and number of hours engaged in these activities. Mean (SD)
number of hours engaged in CRA activities for patients abstinent from illicit opioids for 3 or more consecutive
weeks (n=11) compared to those never abstinent (n=13) were 198 (176) and 11 (19), with a median of 162 and 0
hours, respectively. These results support the efficacy of CRA in populations outside of Vermont, especially
for patients who engage in CRA activities, and point to the importance of specifying differences in treatment
and evaluating treatment process in studies of behavioral treatment.

(Supported by RO1 DA09413 and RO1 DA06266.)
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INTEGRATION OF LAAM INTO AN OPIATE SUBSTITUTION TREATMENT
PROGRAM

P. Casadonte; P. Butler; J. Rotrosen; E. O’Donnell; Z. Levine; and G. Goldberg
Department of Veterans Affairs Medical Center, New York University School of Medicine

LAAM was added to the NYVA formulary in July 1994. Between September 1994 and March 1995, new
patients were offered the option of LAAM or methadone. 11 of 55( 20%) chose LAAM, reported satisfaction
with treatment, and discontinued opiate use. Consequently, to minimize methadone diversion in a 5 day
maintenance program, starting in April 1995, after a program of patient and staff education, all new patients
were inducted on LAAM. In January 1996 we evaluated four groups of patients at the Clinic: (1) 17 individuals
admitted to LAAM April-December 1995 with no previous methadone experience, (2) 18 individuals admitted
to methadone treatment October 1994-March 1995, (3) 19 patients admitted to LAAM previously maintained on
methadone and (4) 40 patients maintained on methadone. Patients on LAAM and on methadone reported
decreased opiate craving and discontinued use at approximately similar rates. 11% of LAAM patients purchased
street methadone vs 17% of methadone maintained patients. Patients previously treated with methadone
reported a 72% preference for LAAM over methadone, 90% reporting not “feeling” a dose of LAAM the way
they “felt” methadone, and 75% stating LAAM would be difficult to sell on the streets. A review of random
urine drug screens for a 6 month period demonstrated that 46% of LAAM patients use cocaine intermittently
and 6% chronically, while 15 % of the methadone patients use cocaine intermittently and 52% of the
methadone group were found positive for cocaine on every urine drug screen. A significant proportion ( 54%)
of patients on methadone maintenance report they would transfer to a different program if required to take
LAAM. Staff report satisfaction with LAAM as a treatment for heroin dependence.

VULNERABILITY FACTORS IN OFFSPRING OF ALCOHOLIC PARENTS
G. Luchner; C. B. Nelson; and H. U. Wittchen

Max Planck Institute of Psychiatry, Clinical Institute, Clinical Psychology, Munich,
Germany

Background: Family history of alcoholism has been demonstrated to be a strong risk factor in the
development of alcohol abuse and dependence. Offspring of alcoholics are 3-5 times more likely to develop
alcoholism than offspring of nonalcoholics (Merikangas et al., 1994). There is inconsistent evidence indicating
that anxiety disorders act as mediators of this association. Methods: One of the aims of the Early
Developmental Stages of Psychopathology (EDSP) research program, a prospective general population study,
is to identify mechanisms of familial transmission in alcohol use disorders. In the initial wave of data
collection, N=3021 adolescents and young adults aged 14-24 in the greater Munich area were interviewed
between February and July 1995 using the standardized interview M-CIDI (Miinchner Composite Diagnostic
International Interview), an adaption of the WHO-CIDI based on DSM-IV. Questions regarding parental
problems with alcohol use and treatment thereof were added. Results: Using a community sample, we
confirmed findings of family studies showing excess risks for alcohol dependence and alcohol abuse among
probands reporting parental alcohol problems. Several anxiety disorders, affective syndromes, other substance
use disorders and eating disorders were also associated with parental alcohol problems. Anxiety disorders
preceeded alcohol use disorders in 90% of comorbid probands. The questions regarding parental alcohol
problems might facilitate response bias towards severe and more recent cases. However, the proportion of
alcohol problems for any parent (reported by 15% of probands) suggests satisfying validity.

ACKNOWLEDGEMENTS: Supported by German Ministery of Research BMBF grant 01 EB 9405
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ASSESSING SUBSTANCE USE/ABUSE AMONG HIGH-RISK ADOLESCENTS IN
THERAPEUTIC COMMUNITIES: POST-TREATMENT OUTCOMES

G. Bhattacharya; N. Jainchill; and J. Yagelka

Center for Therapeutic Community Research at National Development and Research
Institutes, Inc. 11 Beach Street, New York, NY

Assessment of substance use/abuse and evaluation of the impact/effectiveness of substance abuse treatment
programs require reliable data. However, much of the data used for this assessment are often self-report,
potentially biased towards ‘looking good’, and thus, are unreliable. Additionally, procedural techniques related to
collecting data on adolescent substance abusers, especially those who are juvenile offenders and have been
remanded to treatment may hinder the process. Issues such as confidentiality requirements related to minor
status, mistrust towards interviewers who are often suspected as ‘allies’ to the legal authorities, and implicit
incentives to overreport treatment success and underreport substance abuse and related criminal activities (by
clients as well as who know them) are some of the reasons for this difficulty. This study reviews strategies for
collecting reliable data on substance use/abuse among high-risk adolescents in residential therapeutic community
(TC) treatment programs for substance use/abuse problems. Post-treatment outcome findings will be used to
illustrate these strategies. Data have been collected at six TCs for adolescents located in the eastern U.S. and
Canada. The research subjects include clients who completed interview batteries both at admission and at 1-yr
post-treatment follow-up (N<> 500). Preliminary findings indicate that the use of substances such as inhalants,
hallucinogens, and methamphetamines declined significantly during the post-treatment period. Other risk
behaviors associated with substance use/abuse such as involvement in criminal activities, negative peer-network
structure, and school problems also reduced to a great extent. Issues concerned with ensuring reliability of data,
the use of self-report, collection of hair and urine specimens, and review of Criminal Justice Systems records
and other collateral information will be discussed. ACKNOWLEDGEMENT: Supported by the National
Institute on Drug Abuse, Grant # 5 P50 DA07700.

ADULT SEROTONERGIC CORRELATES OF CHILDHOOD TRAUMA IN ALCOHOLICS
AND COCAINE ADDICTS

L. Handelsman; D. P. Bernstein; K. Holloway; I. Sheikh; S. Gabriel; and P. Knott

Psychiatry Service, Bronx VA Medical Center, Bronx, NY & Department of Psychiatry,
Mount Sinai School of Medicine, New York, NY

A history of childhood abuse is a common feature in substance abusers, however little is known about the
biological correlates of maltreatment. Using the Childhood Trauma Questionnaire (Bernstein et al. 1994), a
valid and reliable self- report instrument to assess the magnitude of several types of childhood trauma, we
examined the associations of the levels of self-reported childhood physical and sexual abuse with markers of
central nervous system serotonin activity: the prolactin, cortisol and temperature responses to challenge with
meta-chlorophenylpiperazine (MCPP) in male treatment-seeking alcoholics (n=14) two weeks after completion
of a medical detoxification and in cocaine addicts (n=15) two weeks after admission to an inpatient
rehabilitation unit. In the alcoholics, childhood physical abuse was associated inversely with the cortisol
response to MCPP (B= -.52, t = - 2.02, p<.04). However, in the cocaine addicts, childhood physical abuse was
positively associated with the cortisol response (8 = .44, t = 1.69, p<.06) and the prolactin response to MCPP
(B =.48,t=1.90, p<.04). In contrast to physical abuse, the level of self-reported childhood sexual abuse was
positively associated with the cortisol response to MCPP in the alcoholics (B = .72, t = 3.47, p<.003), but
inversely associated with the cortisol response in the cocaine addicts ( B = -.38, t = - 1.50, p<.08). When the
levels of physical abuse and sexual abuse were adjusted for the variance common to both variables, the
respective associations with the cortisol response to MCPP were increased. The pattern of association between
serotonergic activity and childhood trauma depends on the type of trauma, the predominant substance
dependency and the specific neuroeffector system. References: Furnished upon request of senior author.
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A TWO-ITEM CONJOINT SCREEN FOR ALCOHOL AND OTHER DRUG PROBLEMS
R. Brown; L. Rounds; T. Leonard; and O. Papasouliotis
University of Wisconsin-Madison; University of Edinburgh

Although use of drugs other than alcohol and nicotine is fairly common among American adults, the currently
recommended screens for substance use disorders (SUD’s) focus only on alcohol. Previously described drug
abuse screening questionnaires lack the brevity and accuracy required for routine use in primary care settings.
This study, funded by the National Institute on Drug Abuse, reports on the criterion validity of a two-item
conjoint screen for alcohol and other drug abuse or dependence for a primary care sample. A random sample of
434 primary care patients of ages 18 to 59 responded to nine screening items, which were produced by a focus
group process. A validated diagnostic interview, the Composite International Diagnostic Interview-Substance
Abuse Module (CIDI-SAM), based on DSM-III-R diagnoses, served as the criterion standard for SUD’s. An
87.9% response rate was attained. Almost two-thirds (64.5%) of the subjects were women, and 16.4%
represented ethnic or racial minorities. At least one positive response to two items, “In the last year, have you
ever drank or used drugs more than you meant to?”” and “Have you felt you wanted or needed to cut down on
your drinking or drug use in the last year?‘, discriminated current SUD’s with approximately 81% sensitivity
and specificity. The two-item conjoint screen was 96.4% sensitive to SUD’s involving two or more
substances. Zero, one, and two positive responses predicted 7.4%, 45.0%, and 75.0% probabilities of a current
SUD, respectively. Data collection will continue to a total of 1300 subjects, and a two-week, test-retest
reliability study will be conducted. If these preliminary results hold true, then more than 80% of young and
middle-aged patients with current SUD’s could be recognizable by a two-item conjoint screen which is easily
integrated into a clinical interview.

AN EVALUATION OF A MODEL OF PSYCHOSOCIAL FACTORS THAT MEDIATE
THE RELATIONSHIP BETWEEN SEXUAL ABUSE AND ALCOHOL USE

L. Simons and L. Cameron
St. Joseph’s University, Philadelphia, PA

The study evaluated an hypothesized theoretical model of psychosocial factors that mediate the relationship
between sexual abuse and alcohol use. Questionnaires containing items assessing psychosocial factors of
sexual abuse, self-esteem, social support, negative beliefs, avoidance coping methods and alcohol use were
administered to 237 undergraduate subjects during a class period. A series of path analyses were conducted to
assess the theoretical model and to explore the direct and indirect relationships among sexual abuse,
psychosocial factors, and alcohol use. The results support the hypotheses that sexual abuse is directly related to
negative social support, low self-esteem, avoidance and affective beliefs; and it is also indirectly related to
alcohol use. An exploratory path analysis was conducted among sexual abuse, psychosocial factors, and
cigarette smoking. The results support that sexual abuse was directly related to negative social support, low
self-esteem, avoidance beliefs, affective beliefs, and avoidance coping methods; and it is also indirectly related
to cigarette smoking. A one-way ANOVA demonstrated significant differences between subjects with a history
of sexual abuse and those without a history of sexual abuse in the use of avoidance coping methods. This
finding further supports the-hypothesis that individuals with a history of sexual abuse may cope with the
abusive experience by employing avoidance coping methods of drinking and smoking. Implications from these
findings suggest a theoretical paradigm may be necessary for understanding the nature of alcohol and nicotine
use a avoidance coping methods for negative psychosocial factors.
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DEVELOPMENT OF A SEMI-STRUCTURED INTERVIEW TO ASSESS SEVERITY OF
DSM-IV AND ICD-10 SUBSTANCE DEPENDENCE

G. M. Miele'; D. S. Hasin*; and J. Blaine**

New York State Psychiatric Institute+*, Research Assessment Associates, Inc.+*,
Columbia University*, New York, NY, National Institute of Drug Abuse**, Rockville,
MD

The Substance Dependence Severity Scale (SDSS) was developed to assess severity of DSM-IV and ICD-10
substance dependence across a range of substances. The SDSS is the first semi-structured clinical interview
specifically developed to (a) assess the severity of drug disorders keyed to DSM-IV and ICD-10 criteria and (b)
be sensitive to changes in clinical status. Consisting of items modified from the Psychiatric Research
Interview for Substance and Mental Disorders (PRISM; Hasin et al., in press), a semi-structured interview that
provides reliable diagnoses of substance use and other mental disorders, the SDSS provides continuous severity
ratings of each DSM-IV and ICD-10 Dependence, Abuse, and Harmful Use criterion within a past 30-day time
frame. Test-retest pilot testing was conducted with nine current drug users assessed at intake at an urban
outpatient drug treatment program. Analyses indicated excellent reliability for overall SDSS alcohol and
cocaine dependence scores (Intraclass correlation coefficients = .96 and above for DSM-IV and ICD-10
dependence). These preliminary results suggest that further psychometric testing of the SDSS is necessary and
worthwhile. Plans for such testing, as well as research and clinical applications, will be discussed.

ACKNOWLEDGMENTS:  Supported by NIDA Contract #N43DA-5-6051

TEMPORAL PROGRESSION OF ALCOHOL DEPENDENCE SYMPTOMS IN THE US
POPULATION: RESULTS FROM THE NATIONAL COMORBIDITY SURVEY.

C. B. Nelson§7; A. C. Heath’; and R. C. Kesslert

§ Max-Planck Institute, Munich, Germany. ¢ Washington University, St. Louis, MO,
USA. 1 University of Michigan, Institute for Social Research, Ann Arbor, MI, USA

Background: General population data were used to determine whether a consistent temporal progression exists
in the onset of symptoms building up to alcohol dependence (AD) and, if so, to study age, sex, and cohort
differences in this progression. Methods: The data are from the US National Comorbidity Survey.
Symptoms were assessed using a revised version of the Composite International Diagnostic Interview, the
UM-CIDI, among non-institutionalized persons 15-54 years of age living in the 48 coterminous United States
including students living in campus housing. Age of onset reports were obtained retrospectively. Symptom
classes were estimated with Latent Class Analysis (LCA). Age, sex, and cohort differences in symptom
progression were investigated with discrete-time survival analysis. Results: A four-class LCA solution was
found to fit the data indicating a temporal progression of symptoms beginning with role impairment and
hazardous use, moving on to tolerance and impaired control, and then to physiological dependence. Probability
of initial symptom onset among alcohol users was found to be higher among people in the 10-24 age range,
among men than women, and to have increased dramatically over the past four decades. Age, sex, and cohort
effects were found to be less powerful in predicting symptom progression. A narrowing of the sex difference in
AD symptomatology over time was observed to be due largely to a convergence in initial symptom onset
among men and women in the age range 10-24. Conclusions: The increasing prevalence and narrowing of the
sex difference in AD are both due largely to an increase in symptom onset during the adolescent years. As
initial symptoms are usually indicative of abuse rather than dependence, this means that a rise in adolescent
alcohol abuse has been more important than an increase in the transition rate from abuse to dependence in
explaining the growing prevalence of alcohol dependence during recent decades.
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REGULATION OF GUINEA PIG BRAIN PREPRODYNORPHIN mRNA EXPRESSION
BY BINGE PATTERN COCAINE ADMINISTRATION

V. Yuferov; K. S. LuForge; R. Spangler; A. Ho; and M. J. Kreek

The Laboratory on the Biology of the Addictive Diseases, The Rockefeller University
1230 York Avenue, New York, NY

Previous studies in our laboratory showed that binge pattern cocaine administration (BPCA) increased
preprodynorphin (Dyn) mRNA levels in the caudate putamen of the rat. We extended these studies in cocaine-
treated guinea pigs. Animals were treated with: a) binge saline for 7 days (3 times daily at hourly intervals,
i.p.); b) binge saline for 5 days followed by binge cocaine for 2 days (45 mg/kg/day); c) binge cocaine for 7
days. Guinea pigs were sacrificed 30 min after the third injection and levels of Dyn mRNA were determined for
selected brain regions by solution hybridization RNase protection assay using a species-specific probe.
Newman-Keuls post hoc test following analysis of variance with repeated measures on the caudate putamen and
nucleus accumbens showed a significantly higher level of Dyn mRNA after 2 days BPCA (p<0.05). Most of
this difference was found in the caudate putamen, where 2 days of BPCA led to a 40% higher level,
F( 1,24)=5.17, p<0.05. After 7 days BPCA Dyn mRNA levels were 25% higher than saline treated animals,
but this did not reach significance. No significant changes in Dyn mRNA levels were detected in frontal cortex,
hypothalamus, hippocampus and amygdala of the cocaine treated animals.

ACKNOWLEDGMENTS
Supported by NIDA grants P5S0-DAO5 130 and DA00049

EFFECTS OF COCAINE WITHDRAWAL CONDITIONS ON POMC mRNA IN RAT
ANTERIOR PITUITARY

Y. Zhou; R. Spangler; C. E. Maggos; K. S. LaForge; A. Ho; and M. J. Kreek
Lab of Biology of Addictive Diseases, The Rockefeller University, NY

“Binge” pattern cocaine administration (BPCA) results in a persistent disruption in hypothalamic-pituitary-
adrenal (HPA) activity. The present study investigated the effects of withdrawal from chronic BPCA on the
HPA axis. Method: BPCA was given to male Fischer rats in two separate rooms. In each room, cocaine rats
(n=6) received daily BPCA (45 mg/kg, ip) in the morning, and control animals (n=6) received “binge” saline.
After 14 days of the treatment, rats in one room were left for 10 day withdrawal without any injection. In the
other room, “binge” saline was injected during 10 day withdrawal for both cocaine and saline groups. On the
last day, animals were sacrificed 30 min after the last injection or at the same time point. Plasma
corticosterone was measured by RIA. Pro-opiomelanocortin (POMC), corticotropin-releasing factor (CRF) and
CRF-R1 receptor mRNAs in the brain and pituitary were measured, using a modified solution hybridization
protection assay. Results: Plasma corticosterone was at normal basal levels in both saline groups following 10
day withdrawal. Corticosterone and POMC mRNA returned to basal levels in animals after chronic BPCA
followed by no injection during the 10 day withdrawal. Chronic BPCA followed by saline injection for the 10
days of withdrawal, however, led to a significantly decreased corticosterone levels. In parallel, a significant
reduction in POMC mRNA levels was found in the anterior pituitary in this group, with no changes in CRF-
R1 mRNA levels. Neither POMC mRNA in the posterior pituitary nor CRF mRNA in the hypothalamus was
altered. Conclusion: Injections of saline during withdrawal from chronic BPCA resulted in decreased POMC
mRNA in the anterior pituitary and decreased circulating corticosterone.

ACKNOWLEDGEMENTS:  Support: NIDA grant P50-DAOS 130; DA00049 to MJK; C.H.Li Award to YZ.
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EFFECTS OF CHRONIC “BINGE PATTERN” COCAINE ADMINISTRATION ON
HIPPOCAMPAL PYRAMIDAL CELL DENDRITIC MORPHOLOGY IN RATS

Z. Sarnyail’z; M. J. Kreekl; and B. S. McEwen’

1Laboratory of Biology of Addictive Diseases and 2Laboratory of Neuroendocrinology, The Rockefeller
University, New York, NY

Chronic stress or glucocorticoid administration produce morphological and functional changes in the
hippocampus in rats characterized by dendritic atrophy in the CA3 region and spatial memory deficts,
respectively. Cocaine is a pharmacological stressor which activates the hypothalamic-pituitary-adrenal (HPA)
axis leading to increased corticosterone levels which may contribute in the behavioral symptomatology in
cocaine abuse. Recent data suggest that the structure and function of the hippocampus, a key structure in the
adaptive brain processes such as learning and memory, may be compromised by cocaine leading to cognitive
deficits. Therefore, cocaine-induced structural changes in the hippocampus were examined. Body and organ
(adrenal gland, spleen, thymus) weights were measured. Cocaine-tracted rats showed significantly less weight
gain and adrenal hypertrophy compared to saline-treated controls. Chronic cocaine administration
significantly decreased the number of branch points (p<0.05) and the total length (p<0.01) of apical dendrites
compared to saline-treated controls in our preliminary analysis when a morhologically non-selected group of
CA3 pyramidal cells were included. However, no significant difference was found when (i) CA3 pyramidal
neurons were pre-selected on the basis of their morphological features and (ii) the sample was balanced for
the ratio of each neural phenotype. These data suggest that chronic binge pattern cocaine administration is
different than chronic restraint stress with respect to their effects on hippocampal neuronal morphology.
Although chronic cocaine administration seems to be a stronger stressor judged on the basis of adrenal
weight, no changes were found in hippocampal morphology. Whether the absence of changes in dendritic
morphology in cocaine-treated rats is due to the lack of atrophy or that what we see are only the surviving
normal neurons after cocaine-induced cell loss, remains to be determined.

FUNCTIONAL SELECTIVITY AT THE D, DOPAMINE RECEPTOR: STUDIES IN TRANS-
FECTED MN9D CELLS.

J. D. Kilts'; D. E. Nichols’; K. L. O’Malley’; R. D. Todd’; C. P. Lawler'; and R. B. Mailman'

Univ. of North Carolina’, Chapel Hill, NC, Purdue Univz., W. Lafayette, IN, and Washington Univ.¢, St.
Louis, MO

The capacity to increase synaptic concentrations of dopamine is thought to be the primary cause of the
reinforcing effects of cocaine and possibly some amphetamine-like drugs. Thus, the ability to selectively
activate pre- and postsynaptic dopamine receptors could be a useful tool in the treatment of individuals
abusing these drugs. This study is directed toward the development of pre- and postsynaptic-selective D,
receptor agonists using a family of compounds we have developed. The full intrinsic activity D; agonist
dihydrexidine (DHX), while ten-fold D, selective, also has high affinity for the D, receptor (K, s = 100 nM in
rat striatum). In rat brain preparations, DHX has an unusual D,-like functional profile, having agonist
properties at functions mediated by “postsynaptic” D, receptors (e.g., inhibition of adenylyl cyclase activity in
striatal slices), but no agonist effects in D,-mediated “presynaptic” functions (e.g., inhibition of nigral cell
firing, or inhibition of dopamine synthesis or release). Yet DHX binds with similar affinity to both pre- and
post-synaptic receptors. The present study investigated the functional selectivity of DHX and certain analogs
using MNO9D cells, a clonal mesencephalic-derived line that can synthesize and release dopamine (making it a
model of dopamine neurons). MN9D cells stably transfected with the D, receptor were used. DHX, N-n-
propylDHX, and 4-methyl-N-n-propylDHX had ca. 100-fold lower affinity in the D,-MNO9D line than at D,-
like sites in rat striatum. The D, agonists quinpirole and R(-)NPA inhibited the stimulated release of
[3H]d0pamine by 70% and 60%, respectively, at 10 pM. Neither DHX nor N-n-propylDHX inhibited
stimulated [3H]d0pamine release significantly even at concentrations as high as 10 uM. These data are
consistent with previous reports that DHX and N-n-propylDHX do not inhibit dopamine release in rat brain
(assessed in vitro or in vivo). Together, the data suggest that members of this class of compounds may have
“functional selectivity” for D,-like receptors, having agonist or antagonist functional properties depending on
the transduction machinery associated with the receptor.
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ELECTROPHORETIC EFFECTS OF DAMGO ON GLUTAMATE-DRIVEN AND
FIMBRIA-DRIVEN NEURONS IN NACC SHELL

J. R. Criado; G. I. Berg; J. H. Mayer; and S. J. Henriksen.

Department of Neuropharmacology, The Scripps Research Institute, La Jolla, CA

The reinforcing actions of opiates in the NAcc appear to be regulated by both a DA-dependent (VTA) and a DA-
independent (NAcc) mechanism. Consistent with this notion, our electrophysiological studies in vivo
suggested that the effects of systemically administered opiates on NAcc neurons in the core must occur through
both the VTA dopaminergic projection to the NAcc, as well as directly within the NAcc. Here we report data
from our studies characterizing the electrophoretic effects of ID-Ala’,NMe-Phe* Gly-ol]-Enkephalin
(DAMGO), a selective p agonist, on glutamate- and hippocampal-driven NAcc neurons in the shell of
anesthetized Sprague-Dawley rats. Our results show that electrophoretic application of DAMGO (1.0 mM)
into the NAcc-shell suppressed glutamate-driven activity (p<0.0001). In contrast, the present data suggest that
local DAMGO had little effect on fimbria-driven NAcc-shell neurons (p>0.05). These findings suggest that
systemic administration of opiates suppresses the activity of NAcc neurons in the shell directly via p receptors.
However, our results suggest that both local and extra-NAcc regions regulate the effects of opioids on
excitatory afferent inputs to the NAcc. For instance, we found that the inhibition of timbria-driven NAcc-core
neurons by microinfusions of morphine into the VTA is reversed by systemic administration of heroin. This
suggests that systemic administration of opiates acts on other brain regions to counteract the inhibitory effects
of opiates on NAcc activity elicited from the VTA alone. It has not been determined if these multiple effects of
opiates on NAcc physiology also involve neurons in the shell. The results from this ongoing study may
contribute to our understanding of the interactions of opiates with DA and non-DA mechanisms modulating
NAcc function.

ACKNOWLEDGEMENTS: Supported by NIDA grants DA-08301 and 1R29 DA-09653.

OPIOID EFFECTS ON PREFRONTAL CORTICAL NEURONAL ACTIVITY AND
EXCITATORY RESPONSE

J. L. Giacchino and S. J. Henriksen
Department of Neuropharmacology, the Scripps Research Institute, La Jolla, CA

Medial prefrontal cortical (mPFC) circuitry has been proposed to play a significant role in behavioral
reinforcement, and therefore, activity of the mPFC neuronal population should be modified by exposure to
drugs of addiction. As mu opioids can mediate reinforcing effects of heroin in the rat, we have examined the
effects of predominantly mu receptor-selective opioids on the firing of mPFC neurons. Because opioid
mediation of mPFC activity may involve alteration of endogenous excitatory systems, we also have evaluated
the interactions of opioids and both excitatory neurotransmitters and afferent-driven activity. Our previous
work in halothane-anesthetized rats revealed there opioids in terms of their effects on mPFC response to
electrophoretically applied acetylcholine (ACh) and glutamate (Glu). Systemic morphine attenuates Glu-induced
excitation in the majority of cells; DAMGO attenuates the Glu response in approximately half of the cells.
ACh-induced excitation is unaltered by opioids. In addition, administration of systemic morphine decreases
mPFC evoked activity following stimulation of either mediodorsal thalamus or basolateral amygdala in the
majority of cells studied to date. Further studies are needed to assess the ability of naloxone and more specific

opioid antagonists to block these effects.
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The ventral pallidum (VP) is a brain region rich in opioids and is thought to be involved in reward
mechanisms. We recently have undertaken several studies to evaluate the physiology of VP opioids. Activity
of 233 single VP neurons was measured extracellulary in chloral hydrate-anesthetized rats. Morphine (i.v.)
decreased neuronal firing with an ED50 of 1mg/kg. Microiontophoretic applications produced both increases
and decreases in firing. In contrast, when only VP neurons that were postsynaptic to the nucleus accumbens
were evaluated, morphine-induced excitations predominated. Naloxone antagonized these responses.
Iontophoresis of DAMGO inhibited firing almost exclusively. U5S0488H also suppressed firing, whereas
DPDPE produced both excitations and inhibitions. Often, morphine was able to increase firing of the same
neuron that decreased activity with DAMGO. When morphine (10pM) was applied to the bath surrounding
basal foreb